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PREFACE 

Stkam-ekmnk  Principles  and  Practice  has  been  very 
■  •arel'iilly  prepared  to  satisfy  what  is  thought  to  have  been  a 
turiir-tVIt  need  for  a  "practical"  hook  which  would  contain 
the  in  format  ion  that  an  operating  engineer  or  a  plant  super- 
intendent requires  concerning  steam  engines.  Although  there 
exists  a  popular  impression  that,  since  the  advent  of  the 
steam  turbine,  the  steam  engine  is  no  longer  of  any  conse- 
quence in  the  generation  of  mechanical  energy  (power),  noth- 
ing could  lie  more  erroneous.  Under  certain  conditions,  the 
steam  engine  is  still — and  probably  always  will  be— a  very 
desirable  and  economical  prime  mover. 

No  attempt  has  been  made  to  include  in  this  book  anything 
which  pertains  to  the  design  of  steam  engines.  The  treatment 
has  been  directed  toward  what  may  be  termed  the  "use"  of 
the  engines.     That  is,  the  aim  has  been  to  supply  such  infor- 

ImatiOB  M  will  enable  the  reader  to  wisely  select,  operate,  care 
for,  and  repair  steam  engines  and  to  make  a  study  of  and 
trhen  possible  to  improve  their  economy.  No  "higher 
mathematics"  is  employed;  a  working  knowledge  of  arith- 
metic slmuld  enable  one  to  understand  all  which  is  presented. 
I  hawing  for  all  of  'he  5-18  illustrations  were  made  especially 
for  this  work.  It  has  been  the  endeavor  to  so  design  and 
render  these  pictures  that  they  will  convey  the  desired  infor- 
mation with  a  minimum  of  supplementary  diseussiun. 
Throughout,  the  text,  principles  which  an-  presented  arc 
explained  with  descriptive  expositions  or  with  worked-out 
■arithmetical  examples.  Also,  at  the  end  of  each  of  the  IB 
m'i\i  urns  there  are  questions  to  !>e  answered  and,  where 
justified,  problems  to  !«■  solved  by  the  reader,  These  ques- 
tions and  problems  an  baaed  on  the  text  matter  in  the  division 

just  preceding.  If  the  reader  can  answer  the  questions  and 
- . 1 1 v r ■  ihe  problems,  he  then  must  he  conversant  with  the 
-uhjert  matter  of  Ihe  division.     Detail  solutions  to  all  of  the 

problems  are  printed  in  H  appendix  in  the  back  of  the  book, 

He  to  the  general  older  of  treatment: — First  the  fuiietiiin  and 

principle   of   the   Bteftin   engine    are    considered,     These   are 
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followed  by  a  division  on  nomenclature  and  classification. 
Next  follows  a  treatment  of  indicators  and  their  many  uses. 
Then  the  two  most  important  functioning  parts  of  the  engine — 
the  valves  and  the  governor — are  fully  treated  under  the  divi- 
sion titles  of:  slide  valves  and  their  adjustment,  Corliss  and 
poppet  valves  and  their  adjustment,  fly-ball  steam-engine 
governors,  and  shaft  steam-engine  governors. 

The  economics  of  the  use  of  condensers  with  steam  engines 
and  of  employing  multi-expansion  engines  are  next  considered 
and  are  followed  by  a  division  on  steam-engine  efficiencies  and 
how  to  increase  them.  The  material  in  the  next  division,  on 
steam  engines  of  modern  types,  concerns  the  distinctive 
features,  economics  and  costs  of  engines  of  the  present  day. 
The  testing  of  steam  engines  is  then  treated.  Following  this 
are  divisions  on  the  management,  operation  and  repair  of 
reciprocating  engines  and  on  the  use  of  superheated  steam  in 
engines  which,  it  is  hoped,  will  be  of  great  value  to  the  engineer. 

Next,  the  selection  of  steam  engines  is  discussed  from  a 
purely  but  broadly  economic  standpoint.  Finally,  a  thorough 
treatment  of  lubrication  is  presented  which,  although  it 
relates  specifically  to  steam  engines,  should  prove  of  general 
value  also  as  it  applies  to  other  machinery. 

With  this,  as  with  the  other  books  which  have  been  prepared 
by  the  editor,  it  is  the  sincere  desire  to  render  it  of  maximum 
usefulness  to  the  reader.  It  is  the  intention  to  improve  the 
book  each  time  it  is  revised  and  to  enlarge  it  as  conditions 
may  demand.  If  these  things  are  to  be  accomplished  most 
effectively,  it  is  essential  that  the  readers  cooperate  with  us. 
This  they  may  do  by  advising  the  editor  of  alterations  which 
they  feel  it  would  be  desirable  to  make.  Future  revisions 
and  additions  will,  insofar  as  is  feasible,  be  based  on  such 
suggestions  and  criticisms  from  the  readers. 

Although  the  proofs  have  been  read  and  checked  very 
carefully,  it  is  possible  that  some  undiscovered  errors  may 
remain.  Readers  will  confer  a  decided  favor  in  advising  the 
editor  of  any  such.  Terrell  Croft. 

University  City, 

St.  Lou i 8,  Mo., 

July,  1022. 
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STEAM  ENGINE  PRINCIPLES  AND  PRACTICE 

List  of  Symbols 

The  follow  ing  list  comprises  practically  all  of  the  symbols  which  are 
lists!  in  formula  in  this  hook.  Symbols  which  are  not  given  in  this 
list  are  defined  in  the  text  where  they  are  first  used.  When  any  symbol 
is  used  with  a  meaning  different  from  that  specified  below,  the  comet 
meaning  »*  statin!  in  the  text  where  the  symbol  occurs. 


Symiioi.  Meaning  itutuiip 

.■lip  Area  of  piston,  exclusive  of  area  of  rod,  in  square  inches 17 

Cm  Mean  specific  heat  of  superheated  steam 317 

Dp,  Density  of  steam,  in  pounds  per  cubic  foot 129 

(/,  Diameter,  in  inches 360 

E  Voltage  or  electromotive  force,  in  volts 361 

Ed  Efficiency,  expressed  decimally 362 

E,/*  Mechanical  efficiency,  expressed  decimally 321 

Erfr  Thermal  efficiency  of  ideal  llankine  cycle,  expressed  decimally  .   315 

Edth  Thermal  efficiency  based  on  brake  horse  power,  expressed 

decimallv 322 

Edt%  Thermal  efficiency  based  on  indicated  horse  power,  expressed 

decimally 317 

Fe  Centrifugal  force,  in  pounds 222 

lid  Total  heat  of  dry  saturated  steam,  in  B.t.u.  per  pound 317 

Hi  Heat  of  liquid,  in  B.t.u.  per  pound 315 

Ht  Total  heat  of  steam,  in  B.t.u.  per  pound 315 

//,  Latent  heat  of  vaporization,  in  B.t.u.  per  pound  317 

/  Current,  in  amperes 361 

K  A  constant 19 

k  Horse  power  constant 121 

kh  Brake  constant 380 

L/  Effective  length  of  brake  arm,  in  feet 357 

Lf,  Length  of  stroke,  in  feet 17 

Lhi  Height,  in  inches 224 

Mr  Regulation  coefficient,  expressed  decimally 219 

AT  Angular  speed,  in  revolutions  per  minute 18 

Ar/  Engine  speed  at  full  load,  in  revolutions  per  minute 219 

Nn  Engine  speed  at  no  load,  in  revolutions  per  minute 219 

Nm  Number  of  double  strokes  per  minute ^ 

*  3.1416 

Pa  Pressure,  in  pounds  per  square  inch  absolute 

P0  Pressure,  in  pounds  per  square  in**  «"»*e. . 
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LIST  OF  SYMBOLS  xiii 

8ECT10N 

Symbol                                                  Meaning                                                    first  ubkd 

Pm     Mean  effective  pressure,  in  pounds  per  square  inch 17 

P       Power  developed  in  one  end  of  a  cylinder,  in  foot  pounds  per 

minute 18 

PwP   Brake  horse  power 321 

Pa,,    Power,  in  horse  power 360 

Pap   Power  developed  in  one  end  of  a  cylinder,  in  horse  power 18 

P.ap   Total  indicated  horse  power  of  an  engine 321 

P**    Power,  in  kilowatts 361 

r»        Radius,  in  inches 222 

7'/     Temperature,  in  degrees  Fahrenheit 371 

Tn     Superheat,  in  degrees  Fahrenheit 317 

tn        Time,  in  hours 373 

ta        Time,  in  seconds 379 

V\      Volume,  in  cubic  inches 379 

W      Work  done  in  one  end  of  a  cylinder  per  double  stroke,  in  foot 

pounds 17 

W      Weight,  in  pounds 222 

W,a    Weight  of  steam  used  in  one  end  of  a  cylinder  per  indicated 

horse  power  hour,  in  pounds 129 

W»     Weight  of  steam  used  per  horse  power  hour,  in  pounds 316 

W.fc    Weight  of  steam  used  per  brake  horse  power  hour,  in  pounds.  322 

W,,/   Weight  of  dry  steam,  in  pounds 372 

Wwf,  Weight  of  dry  steam  per  brake  horse  power  hour,  in  pounds.  .  373 

Wid,  Weight  of  dry  steam  per  indicated  horse  power  hour,  in  pounds .  373 

W*    Weight  of  steam  per  indicated  horse  power  hour,  in  pounds. . .  317 

W<u.  Weight  of  wet  steam,  in  pounds .• 372 

xe       i  Mearanec  volume  expressed  as  a  fraction  of  piston  displacement  130 

xj       Quality  of  steam,  expressed  decimally 317 

xp       Quality  of  steam,  in  per  cent 371 

x,        Fraction  of  stroke 129 
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DIVISION  1 

FUNCTION  AND  PRINCIPLE  OF  THE  STEAM 

ENGINE 

1.  The  Function  Of  The  Steam  Engine  is  to  convert  heat 
energy  into  mechanical  work.  The  heat  energy  is  evolved 
by  the  combustion  of  a  fuel  within  a  furnace  which  is  so 
arranged  that  the  heat  will  be  transferred  to  water,  within  an 
adjacent  boiler.  The  water  is  thus  converted  into  steam  which 
is  then  conducted  to  the  engine.  Within  the  engine  the  steam 
is  compelled  to  do  mechanical  work  and,  in  so  doing,  loses  a 
portion  of  its  stock  of  heat  energy.  The  mechanical  work  is 
transmitted  from  the  engine  to  the  place  where  it  may  be 
useful  by  means  of  belts,  ropes,  chains,  or  other  connectors. 
Or,  it  may  be  converted  into  electrical  energy  and  transmitted 
through  wires. 

Note. — The  Heat-Flow  In  A  Steam-Engine  Plant  is  illustrated 
in  the  frontispiece.  Coal  is  burned  within  the  furnace  producing  a  large 
volume  of  hot  gases  (2,500  deg.  fahr.).  The  path  of  these  gases  is  so 
restricted  that  they  must  impinge  upon  the  surfaces  of  tubes  of  the  boiler. 
These  tubes  contain  water  which  is,  by  the  burning  coal,  maintained  at  a 
temperature  of  approximately  366  deg.  fahr.  Heat  flows  from  the  hot 
gases  to  the  water  within  the  tubes.  The  temperature  of  the  gases  is 
thus  reduced  so  rapidly  that  they  leave  the  boiler  at  about  520  deg.  fahr. 
The  heat,  which  is  given  to  the  water,  evaporates  it  into  steam  at  366 
deg.  fahr.  The  steam  flows  to  the  engine  through  pipes,  wherein  some 
heat  is  lost,  and  reaches  the  compound  engine  at  a  temperature  of  364 
deg.  fahr.  In  the  high-pressure  cylinder  the  steam  does  work,  loses  heat 
energy  and  then  leaves  the  cylinder  at  a  temperature  of  246  deg.  fahr. 
It  is  then  conducted  to  the  low-pressure  cylinder  where  it  again  does  work 
and  loses  heat.  It  is  finally  rejected  from  the  engine  at  a  temperature  of 
130  deg.  fahr.     What  is  then  done  with  the  steam  does  not  affect  the 
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2  STEAM  ENGINE  PRINCIPLES  AND  PRACTICE      [Dir.  1 

r>|i<Tntif>n  of  the  engine  hut  rnther  the  efficiency  of  the  plant  m  a  wltk 
The  Hlii-ii-nc-y  of  the  t-ngine  in  performing  iU  function  will  be 


2.  The  Construction  Of  The  Elementary  Steam 
c-ilii  lie  understood  by  a  study  of  Fig.  1  (see  also  Div.  2). 
I'lssent iiilly,  tlu:  important  parts  of  the  engine  are  the  valve, 
I',  eylinder,  (',  piston,  P,  frame,  F,  and  the  moving  parti 
whereby  the  motion  of  the  piston  is  transmitted  to  some  other 


machine  and  whereby  the  proper  motions  arc  given  to  the 
valve.  The  valve  opens  passages  through  which  steam 
may  flow  into  I  lie  cylinder  from  the  boiler  or  out  of  the  cylinder 
into  the  atmosphere.  (The  spent  or  exhaust  steam  may,  if 
desirable,  be  led,  instead  of  into  the  atmosphere,  into  a  con- 
denser or  into  u  heater.)  The  steam,  when  thus  admitted  into 
the  cylinder,  exerts  a  pressure  or  pushes  against  the  piston 
which  fits  clonely  within  the  cylinder.  The  steam  is  thus 
capable  of  moving  the  piston  against  some  resistance— or,  in 
other  words,  the  steam  is  capable  of  doing  work  upon  the 
piston. 

3.  "Clearance"  Or  "Clearance  Volume"  are  terms  which 
should  be  understood  before  the  reader  proceeds.     Clearance 
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PRINCIPLE  OF  THE  STEAM  ENGINE 


applies  to  the  space  between  the  piston  and  the  end  of  the 
cylinder,  together  with  the  steam  passages  as  far  as  the  valves, 
when  the  piston  is  at  one  extreme  end  of  its  travel.  Since  it 
is  mechanically  unsafe  to  attempt  the  construction  of  an 
engine  without  some  clearance,  all  actual  engines  are  built 
with  a  certain  amount  of  clearance.  Only  engines  with 
clearance  will  be  considered  in  this  book.  Clearance  is 
usually  expressed  as  a  percentage  of  the  volume  (displacement 
volume)  through  which  the  piston  sweeps.  The  displacement 
volume  =  area  of  piston  X  length  of  stroke. 
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Example. — An  18  in.  by  30  in.  engine  (Fig.  2)  has  clearance  volumes 
of  (1)  head  end — 141.3  cu.  in.  (2)  crank  end — 139.  cu.  in.  .  If  the  piston 
rod  is  2  in.  in  diameter  what,  are  the 
clearances  in  percent,  of  displacement 
volume?  Solution. — The  head-end 
displacement  volume  =  (IS  X  18  X 
0.785)  X  30  =  7620  cu.  in.  The 
crank-end  displacement  volume  —  7620 

-    (2   X  2   X   0.785   X  30)    =   7526 
cu.  in.     Thus,  the  head-end  clearance 

=  111.3  ^  7620  =  0.0186  or  1.86  per 
cent.     Also,    the  crank-end  clearance 

=  139  -s-  7526  =  0.0185    or   1.85  per 
cent. 

Xotk. —  "Piston  Clearance"  Or  "Lineal  Clearance"  refers  only 
to  the  distance  between  the  piston  and  the  end  of  the  cylinder  (the 
cylinder  head)  when  the  piston  is  at  that  end  of  its  travel.  Piston  clear- 
ance is  measured  in  linear  inches. 
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Crank- End  Clearance  : 
Volume  -  139 Cu  In'' 


Fio.  2. — What   are    the  clearances  in 
percentages  of  piston  displacement? 


4.  The  Operation  Of  The  Elementary  Steam  Engine  (Figs. 
W  and  4)  can  thus  be  explained: 


Explanation. — Consider  an  engine  (Fig.  3)  which  is  equipped  with 
two  hand-operated  valves  Tj  and  l'i.  When  the  valve  levers  are  held 
in  the  position  shown  in  Fir.  3,  valve  \\  will  permit  steam  to  flow  into 
the  cylinder  at  the  right-hand  side  of  the  piston.  Valve  V\9  however,  is 
in  such  position  as  to  allow  the  escape  of  whatever  steam  or  air  may  be  at 
the  left-hand  side  of  the  piston.  Therefore,  the  pressure  of  the  steam 
acting  on  the  piston  will  force  the  piston  to  the  left.  After  the  piston  has 
traveled  a«<  far  as  the  connecting  rod  and  shaft  will  permit,  the  operator 
shifts  the  levers  to  the  positions  of  Fig.  4.  This,  since  it  permits  steam 
to  flow  into  the  cylinder  through  l'i  and  out  through  \\,  will  reverse 
the  force  on  the  piston  and  drive  it  to  the  right.     If  the  valves  are  shifted 


Flo.  5—  Section  through  cylinder  of  « 
how  the  valves  of  tlic  uaiM  »'  *"«.  * 
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by  the  operator  every  lime  the  pintun  reaches  one  end  of  its  path,  the 
•team  mil  turn  (lie  shaft,  8,  continually. 

Th*  operation  of  the  valves,  V,  and  I',,  .if  Figs.  3  and  4  ran  be  made 
mt.Hiinti.  by  'In'  suggested  arrangement  of  Fig.  5  where  a  small  crunk 
■  shaft  is  employed  to  shift  the  valves.  Although  this  arrange- 
ment could  be  made  to  provide  regular  operation,  the  valves  and  their 
operating  mechanism  would  soon  show  a  wearing  down  at  the  rubbing 
iorfjn-**  which  might  cause  leakage  past  the  valves  and  noisy  operation. 
To  provide  against  these  troubles,  a  simpler  mechanism  (Figs.  1  and  6) 
ha*  been  devised  wherein  but  otic  valve  it  used  and  adjustment  for  wear 
»_■  will  be  explained)  is  automatic. 


5.  Heat  Is  Energy  (as  explained  in  the  author's  Practical 
Although  about  seven  existing  forms  of  energy  are 
town  but  (wo  of  these,  mechanical  and  electrical,  are  directly 
*cful  for  power  purposes.  Now,  except  for  a  small  quantity 
f  mechanical  energy,  known  a-i  water  power,  nearly  all  of 
r  useful  energy  is  derived  from  chemical  energy  existent  in 
By  combustion,  the  chemical  energy  of  the  fuels  can 
i  converted  into  heat  energy.  The  heat  energy  is  then 
.  1;  Available  for  conversion  into  mechanical  energy. 

—Tub  Hsat  I'mt  Has  Exact  Equivalents  Of  Mechanical 

[CAL  Energt.     Experiments  have  proved  that,  when  heat 

cried  into  any  other  form  of  energy  or  when  any  form  of 

heat,  an  exact  and  definite,  relationship  always 

.,    (British  therm.il  unit)  =  77S  ft.  lb.  =  }^W8  h.p. 

'    hi    -  H*ltL  tw    lir.   =  0.000293  kw.  hr. 

Convert  Into  Work  All  Of  The  Heat 

bflll     energy    which     the    <r,irl.ui<j 

^■huitis  is  converted  into  work  by 

^H  working  substance.     Xow,  all 


see  iv' 
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of  the  heat  would  be  converted  into  work  only  after  the  sub- 
stance had  expanded  to  such  a  volume  that  its  temperature 
would  have  been  lowered  to  the  absolute  zero.  Furthermore, 
since  absolute  zero  is  a  temperature  which  will  probably  never 
be  attained,  and  surely  not  in  any  practical  machine,  it 
follows  that  no  substance  can  give  up  all  of  its  heat.  There- 
fore, if  used  in  a  heat  engine,  the  substance  cannot  convert 
into  work  all  of  the  heat  which  it  contains.  In  practice,  the 
heat  which  remains  in  the  working  substance,  after  the 
substance  has  reached  the  limit  of  its  expansion,  is  allowed 
to  remain  in  the  substance — that  is,  no  effort  is  made  to  con- 
vert this  remaining  heat  energy  into  work.  It  is,  therefore, 
heat  energy  which  is  rejected  (R,  Fig.  8),  or  not  abstracted  by 
the  engine.  Thus  the  energy  in  a  steam  engine's  exhaust 
represents  rejected  heat. 

7.  The  Ratio  Of  The  "Heat  Abstracted  "  By  An  Engine  To 
The  "Heat  Which  It  Receives"  May  Be  Called  Its  "Theoreti- 
cal Efficiency."  The  theoretical  efficiency  of  any  heat  engine 
is  fixed  by  the  specific  processes  whereby  the  working 
substance  does  work  in  the  cylinder  of  that  engine.  This 
theoretical  efficiency  cannot  be  exceeded — except,  sometimes, 
by  employing  different  processes.  The  theoretical  efficiency 
may  be  expressed  by  the  formula: 

(1)  Theoretical  efficiency  =    jf  -* ~  ~j  _        (decimal) 

Example. — A  heat  engine  receives  100,000  B.t.u.  per  hour  from  a 

source  of  heat.     It  rejects  75,000  B.t.u.  per  hour.     What  is  its  theoretical 

efficiency?    Solution. — By     For.     (1):  Ttieoretical     efficiency  =  Heat 

abstracted  /Heat  received  =  (Heat  received  —  Heat  rejected)  /Heat  received 

=  (100,000  -  75,000)  -*-  100,000  =  0.25  or  25  per  cent. 

8.  The  Most  Perfect  Steam  Engine  that  could  be  con- 
structed (Fig.  7)  would  have  to  fulfill  the  following  conditions: 
(1)  The  piston  and  cylinders  to  be  of  a  non-heat-conducting 
material.  (2)  Steam  to  be  admitted  at  a  constant  pressure  while 
the  piston  travels  outward  from  the  cylinder-end;  the  admission 
to  stop  at  such  instant  that,  (3)  The  steam  within  the  cyli% 
would  just  expand — adiabaticolht — <o  the  pressure  at  t 

is  to  be  exhausted.     (4)  Th  i  be  exhausted 


rntxrin.F.  of  the  steam  exgixe 
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'Noft-HCBt*CondiKtint?  Cylinder 

0 -Section  Through  CylirKUr 


a/Under  at  tkt  piston  travels  toward  the  cylinder-end;  the  exhaunt 
■  -ui-h  an  instant  that,  (5)  The  steam  remaining  leitkin 
the  cylinder  irnuhi  i„  compressed  adiabaHcaUy—eo  as  to  just 
fill  the  clearance  apace  at  exactly  the  pressure  of  the  steam  nhieU 
t  about  to  I"  admitted,  as  in  condition  (2).  Conditions  (2) 
i  (5)  above,  describe  the  cycle  or  processes  which,  when 
[fanned    with   a  non-heat-  ^ 

ducting  cylinder  and  pis- 
ivnuM   gfvo  the  highest 
■oretieal  efficiency  possible 
any   steam   engine  work- 
I  between  certain  pressure 
steam-engine 
Bcaemgefl  are,  therefore,  re- 
I  to  the  efficiency  of  this 
9  the  ideal  (Div.  10). 
■  ycle)    etn- 
>yod     by     such     an    ideal 
pne    are   called    the   ideal 
h'inhnc  cycle.  ft*  Tt-A*  UmJ  iUu  aarfM.    cn,i. 

9.  Any  Ste.m  Engine  Does   Zf^XZ'-^XIZZSZ 
Its  Work  By  Virtue  Of  En-   ™ti™i  '";<■■■">  ">»t  .m- «n*inB «n «««0 
ergy  Which  It  Abstracts  From   wb™workl'*t*tw™nlhoP™u™»l"»™-1 
The  Steam;  sec   .1.  Fig.  S.     That  this  is  true  is  shown  by 
•am-engine  test.     It  was  shown  in  Sec.  1  forthecnginc 
d   in  the  frontispiece,  that  the  steam  was  cooled  in 
I  (trough  the  engine  from  3(14  dcg.  fahr.  tu  130  deg.fa.hr. 
Furthermore,  a   test   would   have  shown  that  the  quality  of 
H   was  also  decreased  in  passing  through  the  engine. 
loss    in    heat,    which    (he  steam   undergoes  due    to  the 
of  its  temperature  and  the  decreasing  of  its  quality) 
r 1 1  -   beat   abstracted  from    the  steam.     As  will  be  ex- 
all  or  part  of  this  heat,  hiss  may  have  been  the  result 
the  conversion  of  heat  energy  into  mechanical  energy  (or 

«. 

i L_ i  iii   illiistrnti'i.1  in  the  froiitis|ii«i.r,  tin:  qiliilih 

i.'»iti  -  ^^^faginc  in  90  per  cent,  and  that  of  the  l^niui; 

put.,   how   much  heat  energy  is  ttbetracted 

that   the   engine  uses?     Solution. — Front 


steam  tables  and  charts,  the  total  heat  of  1  lb.  of  steam  at  3154  deg.  fahr. 
and  at  99  per  cent,  quality  is  11813  li.t.n.  Likewise,  I  In*  Haiti  heat  of  lib. 
of  steam  at  130  dog.  fahr.  ami  of  80  per  cent,  quality  is  013  H.l.'i. 
Therefore,  for  this  engine  the  hetit  abstracted  -  1186-913  =  273 
B.t.u.  per  pound. 

10.  The  Ratio  Of  The  Work  Done  By  The  Steam  To  The 
Heat  Abstracted  From  The  Steam  depends  on  how  much  heat 
is  wasted  (L,  Fig.  8)  within  the  engine  cylinder.  If  an  engine 
could  be  constructed  with  non-heat-conducting  cylinder  and 
piston  it  would  be  possible  to  convert  into  work  all  of  the  heat 
which  ia  abstracted  from  the  steam.  But,  since  no  non-heat- 
conducting  material  has  ever  been  discovered,  much  less  a 
heat  non-conductor  which  could  be  used  for  cylinder  and  piston 
construction,  the  steam  within  an  engine  cylinder  will  always 
lose  heat  (waste  it)  through  the  walls  and  the  piston.  This 
heat  which  is  lost  from  the  steam  within  the  cylinder  is  called 
a  thermal  loss. 

11.  The  "Total  Work  Done  By  The  Steam"  Constitutes 
Useful  Work  And  Mechanical  Losses;  V  and  Mt,  Fig.  8. 
The  work  done  by  the  steam  can  be  computed  (Sec.  17)  from 
the  pressures  which  it  exerts  upon  the  piston  and  the  distance 
it.  causes  the  piston  to  move.  As  will  be  shown  in  Div.  3,  this 
work  can  be  measured.  If,  now,  all  of  the  engine's  moving 
parte  were  frictionlcss,  all  of  the  work  done  by  the  steam 
would  then  be  available  for  transmission,  as  mechanical 
energy,  to  some  other  machine.  But,  since  friction  cannot 
be  entirely  eliminated  in  any  engine  mechanism  (Div.  16), 
it  follows  that  a  portion  of  the  work  done  by  the  steam  will 
be  used  up  or  lost  within  the  engine  itself  in  overcoming  the 
friction  of  its  own  parts.  This  portion  of  the  work  constitutes 
a  loss  and  may  be  termed  the  mechanical  toss — or  losses. 
Evidently,  only  that  energy  which  remains  after  the  friction 
is  overcome  can  be  utilized  as  mechanical  energy.  It  follows, 
therefore,  that: 

(2)   Work     done     by     steam   —  Mechanical     losses  +  Useful 

•'"'•ran. 

12.  There  Is  A  Heat  Balance  For  Every  Steam  Engine ; 
see  Fig.  8.     The  meaning  of  this  is  that  the  tot*]  energy  leav- 
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ing  the  engine  in  various  forms  is  equal  to  the  total  heat  energy 
which  the  engine  receives.  The  various  ways  in  which  energy 
leaves  a  steam  engine  have  been  discussed  in  preceding  sec- 
tions and  may  be  summarized  as  follows  and  as  shown  in  Fig. 
8:  Of  the  heat,  H,  which  on  engine  receives  only  a  small  part, 
A,  is  abstracted  whereas  the  greater  part,  R,  is  rejected  (Sec.  6). 
The  rejected  beat  is  not  useful  for  work  but  may  be  utilized 
for  building-heating  or  other  industrial  services.  The  heat, 
A,  which  the  engine  abstracts  may  be  divided  into:  (1)  Thai, 
T,  which  it  converted  into  uxwfc.  (2)  That,  L,  which  constitutes 
thermal  losses.  The  beat,  T,  may  again  bo  separated  into: 
(1)  Useful  work,  U.     (2)  Mechanical  losses,  M,  Sec.  11, 


Fio.  8.— An  tie 
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rntsry  hot  balance 
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Note. — An  Efficient  Steam  Engine  is  one  in  which  the  ratio  of 
useful  work  to  heat  received  is  large.  An  efficient  poirer  plant  is  one  in 
•hi eh  such  use  is  made  of  the  rejected  heat,  R  (Fig.  8)  that  the  portion 
thereof  which  is  wasted  is  a  minimum. 

Example. — For  the  engine,  the  heat  balance  of  which  is  shown  in 
Kg.  8,  H  represents  all  (100  per  cent.)  of  the  heat  added  to  the  water  in 
the  boiler  to  convert  the  water  into  steam.  I'pon  receiving  the  steam, 
the  engine  abstracts  26  per  cent,  of  thin  heat  and  rejects  the  remaining 
74  per  cent.  Within  the  cylinder,  8  per  cent,  of  the  original  100  arc 
lost  thermally,  L,  while  18  per  cent,  is  converted  into  work,  T.  Of  (his 
18  per  cent.,  2  per  cent,  is  lost  in  overcoming  mechanical  friction  and  the 
remaining  16  per  cent,  of  the  original  100  appears  as  useful  work.  That 
is,  for  this  engine,  as  explained  in  Sec.  7,  the  theoretical  efficiency  =  heat 
abetraetedf  heat  received  -  20  -i-  100  =  0.20  -  20  per  rent 

13.  How  Steam  Does  Work  By  Direct  Pressure  may  !><> 
understood  by  a  study  of  Fig.  9  (we  also  the  author's  Pha<:- 
TiCAL  Heat).  If,  with  the  piston  in  the  position  illustrated, 
I  Vi  is  opened,  steam  will  be  admitted  into  the  space  to 
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the  left  of  (lie  piston.  It  will  exert  against  every  square  inch 
of  the  piston's  face  a  pressure  equal  to  thai  at  which  the  strain 
is  generated  in  the  boiler.  This  pressure  will  exert  a  foree 
tending  to  push  the  piston  to  the  right.  At  the  same  time, 
however,  the  air  acting  on  the  right-hand  face  of  the  piston  is 
exerting  against  every  square  inch  thereof  a  pressure  equal  to 
that  of  the  atmosphere.  It  is  evident  that  if  the  boiler-pres- 
sure exceeds  the  atmospheric  pressure,  there  will  be  an  unbal- 
anced force  on  the  piston 
tending  to  move  it  to  the 
right.  If  this  foree  is  capable 
of  moving  the  piston,  work 
will  be  done  upon  the  piston. 

Example.— If  t  he  boiler  pressure 
(Fifr..  0)  is  100 lb.  per  r<i.  in.  aba.  and 
the  atmospheric  pressure,  is  IS  lb. 
per  sq.  in.  ttbs.,  and  if  the  piston1! 
area  is  100  sq.  in.,  the  total  force 
which  acta  on  the  left  face  of  the 
piston  will  be  100  sq.  in.  X  100  (6. 
per  87.  in.  =  10,000  lb.  Likewise, 
Ufca  ■«.-! in  (urn  tuil  sirukc  ''ll-*    f*ir''c   acting   on   the  piston's 

right  face  will  be  100  »g.  in.  X  15 
lb.  per  eg.  in.  =  1,500  lb.  The  net  or  unbalanced  force  will  be  10,000  - 
1..-.00  =  8,500  (6.  If,  now,  this  foree  is  able  to  move  the  piston,  the 
work  done  for  each  foot  that  the  piston  is  moved  will  be  1  ft.  X  8,500 
lb.  =  8,500  /(.  lb.  If  the  stroke  (distance  moved  by  the  piston)  is  2 
ft.,  then  the  work  done  per  stroke  will  be  8,500  X  2  =  17,000 /(.  (6. 

Note. — The  "Net  Pressure"  On  Tub  Piston-,  at  any  inst:inl.  is 
the  difference  between  the  pressures  on  its  two  sides.  The  work  done 
daring  a  stroke  is  equal  to  the  product,  of  the  average  net  pressure,  the 
piston's  area  and  the  length  of  the  stroke.  In  the  above  example  the 
net  pressure  is  100  —  15  =  85  lb.  per  sq.  in. 

14.  Work  Must  Sometimes  Be  Done  Upon  The  Steam  In 
Expelling  It  From  The  Cylinder.— If,  in  Fig. !),  after  the  piston 
reaches  the  position,  M,  shown  by  dntted  lines  I 
and  V«  is  opened,  fin-  pressun-  ;tl  the  let i  nf  the 
reduced  as  the  strum  escape*  tlinmgh  ' 
in  the  cylinder  is  equal  in  thai    within 

tlie  steam  exhausts.     Thi    ■ u  ■    ;- 

The  value  of  this  i»:  ,-.. 
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sq.  in.  abs.  (when  a  condenser  is  used,  Div.  9)  to  35  lb.  per 
sq.  in.  abs.  or  more.  Whenever  the  back  pressure  is  in  excess 
of  atmospheric  pressure  (in  a  single-acting  engine  as  shown  in 
Fig.  9,)  the  net  pressure  on  the  piston  will  act  opposite  to  the 
direction  in  which  the  piston  must  be  moved  to  exhaust  the 
steam  from  the  cylinder.  Under  such  circumstances  this 
net  pressure  must  be  overcome  by  using  some  external  means 
for  exhausting  the  steam.  The  external  force  then  does  work 
upon  the  steam  in  overcoming  the  net  pressure.  As  in  the 
preceding  section,  the  work  done  is  equal  to  the  net  pressure 
times  the  piston  area  times  the  distance  moved  or  stroke. 

Example. — If,  in  Fig.  9,  the  back  pressure  on  the  engine  is  20  lb.  per 
sq.  in.  abs,  what  work  must  be  done  upon  the  steam  to  exhaust  it  and 
what  is  the  net  work  done  by  the  steam  per  double-stroke?  Solution. — 
The  work  done  on  the  steam  during  each  exhaust  stroke  is  (20  —  15)  X 
100  X  2  =  1,000  ft.  lb.  Since,  by  the  example  of  Sec.  13,  the  work  done 
during  the  admission  stroke  is  17,000  ft.  lb.,  the  net  work  for  the  two 
strokes  is  17,000  -  1,000  -  16,000  ft.  lb. 

Note. — The  "Effective  Pressure"  Ox  An  Engine  Piston,  for 
any  of  its  positions,  is  the  difference  between  the  two  net  pressures 
which  act  upon  it  when  it  is  travelling  in  opposite  directions  through  that 
position.  Thus,  for  the  engine  of  Fig.  9,  the  effective  pressure  for  any 
potation  is  85  —  5  =  80  lb.  per  sq.  in.  The  net  icork  of  the  steam  upon 
the  piston  could  have  been  found  by  multiplying  together  the  piston  area, 
stroke,  and  effective  pressure.  Thus:  net  work  =  100  X  2  X  SO  = 
16,000  ft.  lb. 

Xote. — The  "Working  Stroke"  Or  "Power  Stroke"  of  any  heat 
engine  is  understood  to  mean  the  movement  of  the  piston  from  one  end 
ofits  travel  to  the  other  while  one  charge  of  the  working  substance  urges 
the  piston  onward.  Thus,  in  the  engine  of  Fig.  I),  the  movement  of  the 
piston  toward  the  right  constitutes  a  working  stroke.  The  return  of 
the  piston  to  the  left  is  termed  its  return  stroke.  A  working  stroke 
together  with  a  return  stroke  constitutes  a  double  stroke.  In  formulas  in 
this  book,  Na  **  number  of  working  strokes  per  minute. 

Note. — Single  And  Double-acting  Engines  are  those  in  which 
Working  strokes  are  performed  as  the  piston  moves  respectively  in  one  or 
directions.     The  engine  of  Fig.  9,  since  steam  is  admitted  only  on 
ride  of  its  piston,  is  a  single-acting  engine.     St enm   engines   are 
constructed  so  as  to  admit  steam  to  both  Miles  of  the  piston  (Fig. 
*e  then  double-acting  since  working  strokes  are  then  performed 
i  moves  in  either  direction.     From  these  definition**  it  follows 
le-acting  steam  engines  each  stroke  is  a  working  stroke, 
le-acting  steam  engines  only  alternate  strokes  are  working 
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15.  How  Steam  Does  Work  By  Expansion  may  bo  undor- 
stood  by  reference  be  Fig.  10.  The  same  engine  as  illustrated 
in  Fig.  9  is  now  shown  faking  steam  for  only  one-half  stroke. 
The  line  AB  represents  the  pressure  during  the  first  half- 
stroke  while  Vi  is  open.  When  Vi  is  closed  (B),  the  net 
pressure  of  the  steam  is  still  85  lb.  per  sq.  in.  Further  move- 
ment of  the  piston  to  the  right,  however,  will  cause  the  pressure 
within  the  cylinder  to  decrease.  Thus,  as  the  piston  completes 
its  stroke,  the  pressure  will  drop  as  indicated  by  the  curve 

BC.     The  net  pressure  on  the 
..  ,,-..,        ,      [iislun    likewise    decreases. 
.  Thus,  at  the  end  of  the  stroke, 
S  the  net  pressure  is  as  repre- 
:  J  sented     by    GC.     The    back 
J  "i  pressure  is  represented  by  EF 
^_  j  or  by  GD.     Just  as  the  net 
i*  I  pressure  varies  from  B  to  C, 
"*  so    docs    the    effective    pres- 
l  sure   now   vary  for   different 
positions     from     B     to     C. 
Effective    pressures  are   now 
represented    by    the   vertical 
which  uk«  at«*in  (or  only  p»n  strukf,   distances  from  ED  to  ABC. 

h*5tttSS!i'  **  *""** ***""  **  "^ eae"  ^so>  tne  net  vw!c  k  n'Pri'- 

scnted  by  the  shaded  area 
ABODE.  The  net  work  is  computed  by  multiplying  together 
the  piston  area,  stroke,  and  average  or  mean  effective  pressure. 
Methods  of  finding  the  mean  effective  pressure  arc  given  in 
Div.  3. 

Example. — Fur  (he  engine  of  Fig.  10,  the  moan  effective  pressure  is 
68  lb.  por  sq.  in.  Therefore,  the  net  work  =  100  X  2  X  68  =  13,600 
/(.  lb.  Of  this,  100  X  1  X  80  =  8,000  ft.  lb.  were  done  along  AB  and 
13,600  -  8,000  =  5,600  ft.  lb.  were  done  along  BC. 

16.  The  Economy  Of  Using  Steam  Expansively  is  illustrated 

by  the  example  of  the  preceding  section.  It  should  be  noted 
that,  in  Fig.  10,  since  steam  was  admitted  to  (he  cylinder  for 
only  one-half  stroke,  the  weight  of  steam  admitted  waa  little 
more  than  one-half  that  admitted  to  the  engine  of  Fig. 
used  in  Fig.  9,  the  weight  of  steam  admitted  in  ■*"""   '">  would 
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do  only  about  8,000  ft.  lb.  of  work.  But  in  Fig.  10  it  was 
found  to  do  13,600  ft.  lb.  Now,  the  difference  of  5,600  ft. 
lb.  was  done  at  the  expense  of  no  greater  quantity  of  steam 
and,  therefore,  of  heat.  The  saving  effected  by  the  expansive 
use  may  be  expressed  as  5,600  -s-  8,000  =  0.70  or  70  per  cent. 
Note,  however,  that  although  the  Fig.  10  arrangement  works 
the  more  economically  than  does  that  of  Fig.  9,  it  does  less 
total  work— 13,600  ft.  lb.  as  against  16,000  ft.  lb.  It  follows 
that  the  Fig.  10  cylinder,  to  do  the  same  amount  of  work  as 
in  Fig.  9,  would  have  to  be  increased  in  size  in  the  ratio  of 
16,000  to  13,600.  Or,  it  would  have  to  be  about  18  per  cent. 
larger.    The  conclusions  to  be  drawn  from  the  above  are: 

(1)  That  expansion  increases  the  ratio  of  work  done  to  heat  used. 

(2)  That  expansion  necessitates  a  larger  cylinder  for  a  given 
work  output.  Further  considerations  which  attend  expansive 
use  of  steam  are  given  in  Div.  10. 

Note. — The  Expansive  Use  Op  Steam  Is  Not  Desirable  In 
Engines  Of  Certain  Classes,  such  as  hoisting  engines,  steam  pumps, 
and  steam  hammers.  An  engine  which  uses  steam  expansively,  if 
stopped  in  a  position  where  the  admission  valve  is  closed,  cannot  be 
started  without  moving  the  engine  mechanism,  by  some  outside  means, 
until  the  valve  opens.  This,  of  course,  is  undesirable  in  engines  which 
must  be  frequently  stopped,  as  must  those  listed  above.  These  engines, 
therefore,  are  not  usually  so  made  as  to  use  steam  expansively. 

17.  To  Compute  The  Work  Done  Per  Double-Stroke 
By  Any  Steam  Engine,  use  the  following  formula,  which  is 
simply  the  mathematical  expression  of  the  rules  of  Sec.  14: 

(3)  W  =  AipLJ§Pm  (ft.  lb.  per  double  stroke) 

Wherein:  W  =  work  done  in  one  end  of  a  cylinder  per  double 
stroke  (Sec.  14),  in  foot  pounds.  Aip  =  area  of  piston,  exclu- 
sive of  any  rod,  see  note  below,  which  passes  through  the 
cylinder  end,  in  square  inches.  LJs  =  length  of  stroke,  in 
feet.  Pm  =  mean  effective  pressure  (Sec.  15),  in  pounds  per 
square  inch. 

Note. — The  Effect  Of  Rod  Area,  since  the  rod  area  subtracts  from 
the  total  area  upon  which  the  steam  can  act,  is  cared  for  by  subtracting 
the  area  of  the  rod  from  the  total  cross-sectional  area  of  the  cylinder 
whenever  a  rod  extends  through  the  cylinder  end  or  head.  Single-acting 
engines  (Sec.  14)  seldom  have  a  rod  extending  through  the  cylinder  head. 
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Double-acting  engines  may  have  a  rod  extending  through  one  cylinder 
head  or  they  may  have  rods  extending  through  both  heads.  Since  the 
area  of  the  piston  rod  seldom  exceeds  from  J£  to  lJi  per  cent,  of  the 
cylinder  area,  it  may  well  be  neglected  in  practical  problems  and  in  approx- 
imations.    In  exact  determinations,  however,  it  must  be  considered. 

Example. — A  single-acting  engine,  which  takes  steam  at  only  one  end 
and  has  no  rod  passing  through  the  head,  has  a  piston  10  in.  in  diameter 
and  a  stroke  of  30  in.  If  the  mean  effective  pressure  is  66  lb.  per  sq.  in., 
what  work  is  done  per  double-stroke?  Solution. — Substituting  in  For. 
(3):  W  -  AipLfJ>m  -  (10  X  10  X  0.785)  X  (30  +  12)  X  66  -  12,925.5 
ft  lb.  per  doubU-ttroke. 

18.  To  Compute  The  Power  Developed  In  Any  Steam 
Engine,  the  elements  of  time  must  be  introduced  into  the 
work  equation  of  Sec.  17.  Since  power  is  the  rate  of  doing 
work  (see  the  author's  Practical  Heat)  it  may  be  expressed 
in  foot  pounds  per  second  or  in  foot  pounds  per  minute  or  in 
B.  t.  u.  per  hour  and  so  on.  In  this  book,  power  will  usually 
be  measured  in  horse  power.  The  horse  power  is  equivalent  to 
550  ft.  lb.  per  sec.  or  33,000  ft.  lb.  per  min.  The  following 
formulas,  which  follow  from  the  preceding,  give  the  power 
which  is  developed  in  only  one  end  of  the  cylinder.  For  a 
double-acting  engine  compute  for  each  end  separately,  allow- 
ing for  the  piston-rod  area  if  necessary.  Then  add  the  two 
results. 
(4)  P  =  PJjJ9Ai9S,  (it.  lb.  per  min.) 

(5)  p-  =  -fw"         <hOR*  *™» 

Wherein:  P  =  power  developed  in  one  end  of  the  cylinder,  in 
foot  pounds  per  minute.  PaP  =  power  developed  in  one  end 
of  the  cylinder  (indicated  power),  in  horse  power.  Pm  = 
mean  effective  pressure,  in  pounds  per  square  inch.  Lf*  = 
length  of  stroke,  in  T^et._.4ip  =  area  of  piston*  exclusive 
of  the  area  of  any  rod  which  passes  through  the  cylinder  end, 
which  is  under  consideration,  in  square  inches*  *V# 
of  double  strokes  per  minute,  see  note  under  Sec*  M& 
engines  with  rotative  crank  shafts:  A",  *  A* 
speed  of  the  crank  shaft,  in  revolutions  pr 
engines  with  rotative  crank  shafts  will  br 
book.} 
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Example. — If  the  engine  of  the  example  of  Sec.  17  has  a  crank  shaft 
which  makes  100  r.p.m.,  what  is  its  indicated  power  in  foot  pounds  per 
minute  and  in  horse  power?  Solution. — By  For.  (4) :  P  =  Pm 
Lf.AipN.  -  WN,  -  12,925.5  X  100  =  1,292,550  ft.  lb.  per  min.  By 
For.  (5):  Pa,  -  PJjfAipN ./33,000  -  P/33,000  -  1,292,550  -s- 
33,000  =  39.2  h.p.     See  also  the  example  under  Table  20. 

19.  To  Compute  The  Approximate  Mean  Effective  Pres- 
sure of  a  simple  steam  engine  (Sec.  33)  when  an  indicator 
diagram  (Sec.  78)  cannot  be  obtained,  the  following  formula 
may  be  useful.  Since  engines  with  throttling  governors 
(Sec.  215)  do  not  take  steam  at  boiler  pressure  except  under 
very  heavy  load,  the  formula  can  only  be  used  for  such  engines 
when  it  is  known  that  the  governor  valve  is  wide  open. 

(6)     Pm  =  0.9[K(P0  +  14.7)  -  Pa]    (pounds  per  square  inch 

Wherein:  Pm  =  the  approximate  mean  effective  pressure,  in 
pounds  per  square  inch.  K  =  a  constant,  as  found  from  Table 
20,  depending  on  the  apparent  cut-off.  P0  =  the  pressure  of 
the  steam  in  the  engine's  supply  pipe,  or  the  boiler  pressure, 
in  pounds  per  square  inch  gage.  Pa  =  the  back  pressure  on 
the  engine,  in  pounds  per  square  inch  absolute;  for  non-con- 
densing engines  Pa  may  be  taken  at  17  lb.  per  sq.  in.  abs.; 
for  condensing  engines,  Pa  is  found  from  the  condenser  vacuum 
gage  and  barometer  readings. 

20.  Table  Of  Constants  For  Use  In  Calculating  Approxi- 
mate Mean  Effective  Pressure. — The  values  of  K  tabulated 
below  are  those  to  be  used  in  For.  (6)  of  the  preceding  section. 


Cut-off 

i 
K 

Cut-off 

A' 

Cut-off 

Frac- 
tion 

Per 
cent. 

Frac- 
tion 

Per 
cent. 

Frac- 
j  tion 

Per 

cent. 

K 

H 

17 

0.545 

H 

37 

1 
0.773 

'  % 

67 

0.943 

H 

20 

1  0.590 

H 

40 

0.794 

1    7' 

i 

70 

0 .  95 1 

H 

25 

.  0.650 

H 

50 

0.864 

1 

75 

0 .  970 

Ho 

30 

;  0.705 

i 

H 

60 

0.916 

H 

80 

0.981 

H 

33 

0.737     i 

i 
i 

% 

63 

0.927 

H 

88 

0.993 
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Note. — In  this  table  the  fraction  or  percentage  cut-off  is  obtained  by 
dividing  the  distance  that  the  piston  has  travelled  from  the  beginning  of 
its  stroke  when  the  steam  is  cut-off,  by  the  whole  length  of  stroke;  that  is, 
it  is  the  apparent  cvt-ofi,  Sec.  135. 

Example. — Find  the  mean  effective  pressure  of  a  non-condensing 
engine,  which  cut-offs  at  one-half  stroke,  if  the  boiler  pressure  is  80  lb. 
per  sq.  in.  gage.  If  the  engine  is  double-acting,  runs  at  320  r.p.m.,  has 
a  piston  7  in.  in  diameter,  and  has  a  10-in.  stroke,  what  is  its  horse  power? 
Solution.— By  Table  20,  K  =  0.864  for  M  stroke.  Substituting  in 
For.  (6):  P.  =  0.9  \K(P,  +  14.7)  -  P.]  =  0.9  X  [0.864(80  +  14.7)  - 
17]  -  68.3  tt.  per  eg.  in.  Then,  by  For.  (5):P«,  -  P~Lf,A ipN./33,0O0 
-  [58.3  X  (10  4-  12)  X  (7  X  7  X  0.785)  X  320]  +  33,000  -  18.1  h.p., 
for  one  end.  Now,  since  the  engine  is  double-acting,  the  total  horse  power 
will  (disregarding  piston-rod  area)  be  twice  that  of  one  end  or:  total 
hone  power  =  2  X  18.1  =  36.2  A.p. 

21.  The  Form  Of  The  Expansion  Line  For  Steam,  as  it 
expands  within  the  engine  cylinder,  is  different  for  different 


engines.  As  assumed  in  the  Rankine  cycle  (Sec.  8),  if  the 
cylinder  and  piston  were  of  non-heat-conducting  material 
the  expansion  would  be  adiabatic.  That  is,  the  steam  would 
suffer  no  gain  or  loss  of  heat  by  heat  transfer.  During  expan- 
sion the  heat  content  of  the  steam  would  decrease  at  the  same 
rate  as  that  at  which  the  steam  docs  work  upon  the  piston. 
The  exact  form  of  the  expansion  curve  would  depend  some- 
what upou  the  initial  and  final  steam  pressures.  Since,  how- 
ever, no  cylinder  or  piston  is  non-heat-conducting,  the  form 
of  the  actual  expansion  1  diabaLic 

curve.    Experiments   ah  lerally 
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follows  very  nearly  an  equilateral  hyperbola.     The  eonst rue- 
lion  of  the  equilateral  hyperbola  is  given  in  See.  108. 

Example. — The  adiahatic  expansion  curve  for  steam  expanding  from 
1651b.  per  sq.  in.  to  2 II).  per  sq.  in.  is  plotted  in  Fig.  1 1.  An  equilateral 
byperbola  is  also  plotted  alongside  it  (dashed). 

QUESTIONS  ON  DIVISION  1 

1.  What  is  the  primary  function  of  the  steam  engine? 
t.  How  is  heat  energy  derived? 

B.  How  is  mechanical  energy  transmitted?     How  heat  energy? 
4.  Draw  a  sketch  of  a  steam  engine  and  enumerate  the  principal  part*. 
I.  Explain    the    term    clearance.     Define   dut placement   volume.     How   is   clearance 
rally  expressed?     What  is  piston  clearance?     How  is  it  measured? 

I  Explain,  with  a  sketch,  the  operation  of  an  elementary  steam  engine  with  hand- 
oprnted  rsJves.  How  can  the  valve*  be  made  to  opcrute  automatically?  Show 
*rti  a  sketch. 

1.  Show,  by  a  sketch,  the  form  of  a  single  valve  which  controls  the  steam  flow  to 
bola  ndj  of  s  cylinder. 

t*  la  what  forms  is  energy  available  for  man's  use?  In  what  forms  is  it  most  frc- 
Qwttly  employed?     How  is  energy  transformed  to  the  useful  forms? 

i>  State  the  mechanical  and  electrical-energy  equivalents  of  the  British  thermal  unit. 

M>  Why  cannot  an  engine  convert  into  work  all  of  the  heat  which  it  receives?  What 
bwome*  of  that  which  is  not  abstracted? 

1L  Define  theoretical  efficiency.  Upon  what  does  the  theoretical  efficiency  of  an 
*■•■«.  depend?     Give  the  formula  for  theoretical  efficiency. 

H  Explain  the  construction  and  operation  of  the  theoretically  most  perfect  steam 
mine.    Why  is  it  not  practical?     What  is  its  cycle  called? 

U.  Whence  does  a  steam  engine  derive  its  ability  to  do  work? 

II  Into  what  two  classes  does  the  heat  which  an  engine  abstract*  from  the  steam 
fan  divide?  Which  of  these  constitutes  a  direct  loss?  The  abstracted  heat  which  does 
ft*  constitute  a  direct  loss  is  how  used? 

ML  Draw  a  heat  balance  diagram  to  show  the  disposition  of  all  of  the  heat  which  an 
tftfiae  receives. 

1&  Explain  what  distinguishes  an  efficient  steam  engine.     An  efficient  power  plant. 
Csian  efficient  power  plant  be  made  up  of  inefficient  steam  engines?     Why? 
IT.  Explain  how  steam  does  work  by  direct  pressure.     Define  net  prr**urr. 
IS.  Explain  how  work  is  sometimes  required  to  drive  exhaust  steam  from  an  engine 
eyUuAer,     Define  effective  pretnure.     Define  a  vorkino  *troke. 

If.  Explain  how  steam  does  work  by  expansion.  Define  nuan  effirtio-  prtn*ure. 
Explain,  with  a  diagram,  the  economy  of  using  steam  expansively.  What  cla«*ch  of 
engines  do  not  use  steam  expansively?     Why? 

M.  Give  the  formula  for  finding  the  net  work  done  per  double-Mtrokc  by  the  Hteam 
apon  the  piston.     Explain  its  derivation. 
tl.  Define  power.     What  are  its  units?     State  the  horxc  power  formula  for  engine*. 
tL  Give  the  formula  for  finding  the  approximate  mean  cfTcetivc  pressure  of  a  steam 
fftgute.     To  what  classes  of  engines  may  it  be  applied?     I'pon  what  three  variables 
does  the  mean  effective  pressure  depend? 

tL  What  form  does  the  expansion  line  take  for  steam  which  expand*  in  an  actual 
engine  cylinder?     What  form  has  it  in  the  Rankine  cycle? 

PROBLEMS  ON  DIVISION  1 

L.  A  10-in.  by  12-in.  engine  has  a  clearance  volume  of  1S.">  cu.  in.  at  the  head  end  ami 
110  to.  in.  at  the  crank  end.  If  the  piston  rod  is  1.5  in.  in  diameter,  what  are  the  clear- 
sjBjsjsjB  In  par  cent,  of  the  displacement  volumes? 

S 
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!•  A  steam  engine  is  supplied  with  dry  saturated  steam  at  a  pressure  of  160  lb.  per 
sq.  in.  abs.    and  exhausts  steam  of  89  per  cent,  quality  at  17  lb.  per  sq.  in.  aba. 
What  is  its  theoretical  efficiency? 

%.  A  double-acting  hoisting  engine  with  a  9-in.  -diameter  piston  and  12-in.  stroke  takes 
ftteam  (for  full  stroke.  Sec.  13)  at  125  lb.  per  sq.  in.  gage  and  exhausts  at  4  lb.  per  sq.  in. 
gage.  How  much  work  does  the  steam  do  per  working  stroke?  If  the  engine  is  running 
at  200  r.p.m.,  what  is  its  horsepower?     Neglect  piston-rod  area. 

4.  If  the  engine  of  Prob.  3  were  arranged  to  cut  off  at  >£  stroke  what  would  be  its 
horse  power? 


DIVISION  2 

STEAM-ENGINE  MECHANISMS  AND  NOMENCLATURE 

22.  The  Classification  Of  Steam -Engine  Types  which  follows 
is  rearranged  from  an  outline  in  Steam  Power  by  Hirshfcld 
and  Ulbricht.  As  there  is  an  overlapping  of  the  various 
types,  it  would  be  impractical  to  discuss  engines  according  to 
this  table.  Hence  no  effort  will  be  made  to  do  so.  Defini- 
tions of  the  various  terms  employed  in  this  table  are  given 
in  following  sections.  These  are  then  followed  by  brief 
descriptions  of  some  other  frequently  used  steam-engine 
terms,  and  of  the  types  of  governors. 
23.  Table  of  Classifications  of  Steam-Engine  Types. 


Bub  of  classification        |  Primary  subdivision 


Secondary  subdivitiion 


(A)  Single  cylinder 

(B)  Tandem 

(1)  Cylinder  arrangement 

(C)  Cross 

(D)  Duplex 

(E)  Opposed 

{F)  Angle 

(A)  Vertical 

(2;  Longitudinal  axis 

(£)  Inclined 

(C)  Hoiizontal 

(A)  High  speed 

'•"'  Rotative  speed 

(B)  Medium  Hpeed 

(J)  Ratio  of  stroke  to  diame- 
ter 


(I)  Va*ve  gear 


(C)  Low  8pecd 


(.4)  Short  Htroke 
(B)  Long  Mrokc 


(.1)  Slide  valve 


{B)  Cortina  valve 


(f)   Poppet  valve 
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in)  I)-.slide  valve 

(b)  Balanced  valve 

(r)  Multiported  valve 

^/i  (!ridiruii  valve 

(t )  Pint  on  valve 

(n)  Detaching 

(M  Poxitivcly-oporated 

(n)  Detaching 

(M  Pobitivrly-operateV 
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Sreondiiy  mbdiTi 


(11)  Kiifiw  iKH-hiiium 

(A,   Ktand»rd 

(III    Htrt-nrtiiiK 

«'l  Tmok-putoD 

(£»J   OaeilUtlarcylindrr 

(.1 )  Hinilc  npauian 

(T)  Ht«m  eip.ii.ion 

(it)   Multi-expansion 

(f> 

Compound 

Triple 

Quadruple 

(ft)    Ktram  flow 

I  A)  Counter  flow 

(«)  Uniflow 

(" )  Hurh  praaure 
<(»  Medium  prniure 
(0  Low  preHure 

(01  Ktram  rnmdlllomi 

(*)  Initial  temperature 

(a)  Hich  .uperheal 

(O  linck  preMurc 

(n.)  Condensing 
(o)  Nun-eonileiuina 

24.  A  Vertical  Steam  Engine  (Fig.  12)  b  one  which  has  the 
center  linn  of  its  cylinder,  M,  in  a  vertical  position. 

26.  A  Horizontal  Steam  Engine 
(Fig.  13)  is  one  which  has  the 
center  line,  CL,  of  its  cylinder  in 
a  horizontal  position. 

26.  An  Inclined  Steam  Engine 
(Fig.  14)  is  one  which  has  the 
center  lines,  CL,  of  its  cylinders 
inclined  from  the  horizontal  or 
vertical  position. 

27.  A  Side-Crank  Engine  (Figs. 
17  to  21)  is  one  which  has  its  crank 
attached  at  the  end  of  the  shaft 
overhanging  the  main  bearing.  In 
engines  of  this  type  the  crank,  C 
(Fig.  15),  is  generally  forged  as  a 
separate  part  and  fastened  securely 
to  the  shaft,  S. 

28.  '  -Crank  Engine  (Fig 
one.  which  has  its  crank  ween  the  crank- 
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shaft    bearings.     In  this  type  of  engine,  the  crank,  C  (Fig. 
16),  is  generally  forged  as  part  of  the  shaft,  S. 


Fin.  13. — A  li  "Hi  on  till  »(< 


J9.  A  Right-Hand  Engine  (Fig.  17)  is  a  side-crank  engine 
the  flywheel  of  which  is  mounted  on  the  right  side  of  the 


cylinder  axis,  CL,  as  viewed  from  the  head  end  of  Ihe  cylinder, 
0. 


30.  A  Left-Hand  Engine  (Fig.  18)  is  n  side-crank  engine 
the  flywheel  of  which  i«  mounted  on  the  left  side  of  Ihe 
cylinder  axis,  CL,  as  viewed  from  the  head  end  of  the  cylinder, 
0. 
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31.  An  Engine  Is  Said  To  "Run  Over"  (Fig.  19)  when 
the  top  of  the  flywheel,  T,  is  turning  away  from  the  cylinder, 
C.  This  term  is  applied  only  to  horizontal  and  inclined 
engines. 

Note. — The  Direction  Of  Rotation  Op  A  Vertical  Engine  Is 
Ordinarily  Specified  As  Clockwise  Or  Counter-Clockwise  as 
viewed  from  the  valve  side  of  the  engine.  Clockwise  (sometimes  called 
right-hand)  rotation  is  in  the  direction  of  motion  of  the  hands  of  a  clock. 
Counter-clockwise  (left-hand)  rotation  is  in  the  reverse  direction  of  clock- 
wise rotation.  Thus,  in  Fig.  19,  the  flywheel  is  turning  clockwise.  In 
Fig.  20,  the  flywheel  is  turning  counter-clockwise. 

Note. — Stationary  Engines  Usually  Are  Designed  To  "Run 
Over,"  so  the  pressure  between  the  crosshead  and  the  crosshead  guide, 


|  Direction  Of  Potation, 
F/ywneef-^/s 
vCyiktcler 


|  Direction  OfPotartibn^ 
F/ywheeh^/ 
Cylinder      // 


Fia.  19. — Engine  "running  over." 


Fia.  20. — Engine  "running  under." 


due  to  the  angularity  of  the  connecting-rod,  comes  on  the  lower  side  of 
the  crosshead  only,  and  also  so  the  belt,  which  usually  leads  away  from 
the  engine,  will  have  the  driving  pull  on  the  lower  side.  Hence  the 
direction  for  running  over  is  sometimes  referred  to  as  "running  forward. 
Sometimes  the  term  u running  clockwise1'  is  intended  to  mean  "running 
over, "  or  forward,  and  in  the  same  direction  as  the  hands  of  a  clock  to 
an  observer  viewing  an  engine  with  the  shaft  to  his  right  hand  and  the 
cylinder  to  his  left.  It  follows  that  the  terms  clockwise  and  counter- 
clockwise applied  to  an  engine  are  often  confusing,  as  the  direction  will 
appear  to  be  clockwise  to  a  person  standing  on  one  side  and  counter- 
clockwise to  one  standing  on  the  other  side.  Therefore  it  is  best  to 
confine  the  designations  of  directions  of  rotation  to  the  terms  "running 
over"  and  "running  under.  " 

32.  An  Engine  Is  Said  To  "Run  Under"  (Fig.  20)  when  the 
top  of  the  flywheel,  T,  is  turning  toward  the  cylinder,  C. 
This  term  is  applied  only  to  horizontal  and  inclined 
engines. 

33.  A  Simple  Engine  (Figs.  12  and  21)  is  one  in  which  the 
conversion  of  the  heat  energy  of  the  steam  into  mechanical 
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in  one  stage  or  step  only.  Tin's  conversion  is 
bout  in  one  cylinder,  C  I  Fig.  21),  only  and  by  usini 
arton,  /'. 


fly-bull  s. 


e  —A  Twim-Ctlindbr   Engine,  Sometimes  Called  A  Doni 

:     one  which  consists  of  two  simple-engine  cylinders 
n  placed  side  by  aide  nnd  parallel,  mid  whose  pistons  are  eon- 
■<■  poniieeting  nxla   to  the  same  crunk  shaft.     Twin 
incs  art!  widely  used  for  hoist - 

.;.  machinery,  :  st*«n  ft**      fngtne 


Sa^S^n 


.  A   Compound    Engine    (Fig. 

a  one  in  which  the  conversion 

■  .i    energy  of   the  steam 

o  work  takes  place  in  two  stages 

r  steps.     Steam  enters  the  high-    h,,  ;;-i'Ik„  ,■;,..  ,.i  , 

cylinder,    //,    where    it  bd*M*B*. 

-I  stage  of  its  expansion.    The  steam  is  then 
Ird  Into  the  receiver.     From  the  receiver  it  passes  into 
c  Iiiw-pressure  cylinder,  ',,  where  Ihe  wnmd-atage  erjKmsimi 

.  A  Tandem-Compound  Engine  (Fig.  23)  is  :i  rmiiiHiu 
■   I  wo  cylinders    //  and  /,,  ;dutig  a  cotnmoi 


24       HTKAM  KK01SB  PRINCIPLES  A\D  PRACTICB     [Div.  2 

or  "in  lift':,"  A  tandem-compound  engine  has  only  one 
r.numhfiul  mul  one  connecting  rod  and  has  both  of  its  pistons 
on  a  common  piston  rod,  It. 

96.  A  Croii -Compound  Engine  (Fig.  24)  is  a  compound 
engine   which  has  two  parallel  cylinders,  II  and  L,  on  the 


ni-oompound  eiiflnp  (Hall  Engine  Company!. 


Hitnu<  fide  of  the  crunk  shaft,  each  piston  being  connected  by 
a  Ht<|wriitc  connect  tug  rod  to  the  one  crank  shaft. 

37.  A  Duplex-Compound  Engine  (Fig.  25)  is  a  compound 
engine,  the  cylinders  of  which  arc  parallel  and  adjacent  to 
i>noh  other  »»  sliown.     //  is  the  high-pressure  cylinder  con- 


0-^ 


Fm  H      l>w«ntttm*iK.  (il»n  in  F*i.  -\'  - 


WN-ted  to,  /..  the  low-pressure  cylinder.     Th*  :>i>- 
tt\  and  If*,  arc  connected  to  the  same  orvwMwai. 
|j"|W>  of  engine  occupies  the  same  floor  #pavv  -w  ,-;,» 
engine,  but  hais  the  advantages  of  a  forapoUBd  en, 
retuwi  to  economy  of  steam  cum—-  ^i. 


rods. 

This 


38.  An  Angle-Compound  Engine  (Fig.  26)  is  a  compound 
ieh  has  i'^  two  cylinders,  .4  and  B,  placed  at  right 
■  ■  aeh  other.  The  connecting  rods  are  connected 
le  crank  shaft  and  usually  to  the  same  crank  pin. 


Ngh-Prtxiurr     ■tntermrtiale  Culindrr 
Cytir*kr-.  ■    _lo*-Pmu,re  lyh'ndrr 


Triple-Expansion    Engine,    Sometimes    Called    A 

f-Compound  Engine  (Figs.  27  and  28)  is  one  in  which 

t  energy  of  the  strum  is  converted  into  work  in  three 

-ivi.-  Stages  and  in  at  least  three  separate  cylinders,  as 


■■I*}  {»)■  icj-  gD- 


.  mid  C,  Fig.  "-'7.  A  (riple-espan.-unn  cnjiriti'  with  four 
iwn  in  Fig.  28  in  which  A  is  the  kigh-prea- 
ntermedintv,  and  C  and  D  ur<-  the  low-pressure 
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40.  A  Quadruple-Expansion  Engine,  Sometimes  Called  A 
Quadruple-Compound  Engine  (Fig.  29)  is  one  in  which  the 
heat  energy  of  the  steam  is  converted  into  work  in  four  succes- 
sive stages,  and  usually  in  four  separate  cylinders,  A,  B, 
C,  and  D.  A  is  the  high-pressure  cylinder,  B  the  first  inter- 
mediate cylinder,  C  is  the  second  intermediate  cylinder,  and 
D  the  low-pressure  cylinder. 

41.  A  Slide  Valve  (V,  Fig.  30) 

is   a   positively  operated  valve 

which  has  a  reciprocating  motion 

and  which  slides  upon  a  face,  S, 

called    its   seat.     As    the  valve 

slides  back  and  forth  on  its  seat, 

CuftMh- A*-/  -   it  uncovers  ports  (holes  in  the 

1  D-«lw,!   seat  leading  to  either  end  of  the . 

cylinder)  placing  these  ports  into 

communication  with  cither  the  supply  or  exhaust  pipe.     There 

are  two  principal  types  of  slide  valves: — (1)  Flat  type,  Figs.  21 

and  30.    (2)  Piston  type,  Figs.  12  and  33. 

Note. — Steam-Engine  Valves  Abb  Discussed  1st  Detail  In 
Divisions  4  and  5.  The  illustrations  and  definitions  following  arc 
merely  to  acquaint  the  reader  with  the  several  valve-types  in  their  more 
simple  forms. 

42.  A  D-SUde  Valve  (Figs.  21  and  30)  is  a  flat  valve,  V 
Fig.  30,  having  a  cross-sectional  &,bncina 
form  similar  to  the  letter  "D."               e*a*rL     ££2.    s,tam 
The  pressure  of  the  steam  in  the 
steam    chest    forces    the    valve 
against    its  seat,   >S,    preventing 
leakage  of  the  steam  between  V 
and  S.     In  cases  where   the  D- 
valve    is    very    large,   the   force 
due  to  the  steam  pressure  on  the 
valve  is  apt  to  Ik1  very  great  and 
cause  excessive  friction  at  the  rubbii 
excessive  resistance  due  to  this 
used. 

43.  A  Balanced  Slide  V# 
bearing  pressure  of  the  < 


»  prevent 


■  i:\t.i\i-;  MKciiAXisM.s 

rare  of  the  steam  is  minimized  by  some  special  design, 

.  '<;.■  permits  the  same  steam  pressure  to  act  on  both 

ralve;  for  explanation  sec  See.  139.     The  piston 

dw,  Pig.  12,  is  also  a  balanced  slide  valve. 

44.  A  Multiported  Valve  (Fig.  32)  is  one  in  which  there 

i   more  passages  through  which  steam  can  flow  into 

r  out  of    the    cylinder   ports.     Multiported   valves   permit 

r  valve  travel  and  quicker  opening  and  closing  of  the 

is  than  is  possible  with  common  (single-ported)  slide  valves, 

'    i  lie  ports,  H,  are  the  cylinder  ports;  and  the  port) 

'nsl-sii'iirn  port.     Multiported  slide  valves  a 

made  in  the  "  balanced"  form  (see  Div.  4). 


'  Cglin&r  Port}  * 


.  A  Piston  Slide  Valve  (Fig.  33)  is  a  cylindrical-shaped 

,  which  is  given  reciprocating  motion  in  a  cylindrical 

[ts  action  is  very  similar  to  that  of  the  simple  D- 

iere  are  these  differences,  however:  (I)  The  pinion 

(2)    The   piston    valve    usually   in  of  the 

co    struction,    whereas  D-valves  usually  are 

b  "center  exhaust"  construction.;  see  Sec.  136. 

-■:  ide    Vai.vbs    Ark    Pahticolablt    DuikablI    In 

■ :  i  .'■.-.  In    iLi;ikiiic  lhi>  upper  port  inn  «(  itn>  vo\ve  r>( 
(it  1. 1 i;i ii  thv  In '.vr i-  jiiirlinn,  it  is  theri'liy  |»>s-il.[i'  In  l>!iImir-< 
nl    tin.-  vnlvr  anil  its  vnlvc  rod  und  t-him  minimise  il"'  wear 

I  Riding -Cut -off  Valve  (Fig.  31)  is  one  having  at  least 
rts,   each   controlled   by   a   separate   eccentric 
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(see  Div.  4).  In  Fip;-  34,  ^f  is  the  main  voire  controlling  the 
points  of  admtMtOft,  compression,  anil  release;  and  R  is  the 
Oit-vS  poIw  riiling  upon  the  main  valve,  and  controlling  only 
the  point  of  cut-off  (Sec.  135). 

Note. — The  Point  In  The  Sth-  >ki: 
At  Wbich  The  Cut-Off  Valve  Cuts 
Off  may  be:  (1)  Fixed,  in  which  case 
the  cut-off  valve  is  neither  hand  ad- 
justable nor  governor-operated.  (2) 
Variable,  in  which  case  the  cut-off 
valve  may  be  either  hand-adjus table 
or  governor-operated.  With  a  hand- 
adjustahie  rut-off  valve,  the  point  of 
en  t-off  may  be  adj  usted  to  any  required 
point,  while  the  engine  is  running; 
thereby  the  speed  'if  the  engine  CM 
lie  changed  (or  u  given  load  or  (or  a  changed  load  the  point  of  cut-off 
im;lv  be  altered  to  that  which  is  most  economical  or  which  will  give  the 
'I'  in  I  speed.  With  a  governor -ope  rated  cut-off,  the  advance-angle  of 
an  eccentric  associated  with  the  flywheel  governor  changes  automatically 
the  oat-off  to  maintain  M nghie  ipeed  constant  with  varying  load. 

47.  A  Gridiron  Valve  (Fig.  35)  is  a  reciprocating  valve  which 
has  the  form  of  a  gridiron  or  grating.  In  Fig.  35,  the  riding- 
cut-off  valve  ami  the  main  valve,  .1/,  are  both  of  the  gridiron 
type.  The  valve  seat,  S,  has  long  rectangular  openings 
between  the  little  bars  just  as  have  the  valves  themselves. 


s.tiiili-|iiirii.it  Corlira  valvm 


Evidently,  then,  g  ire  mulliportcd  valves  with 

■  large  number  of  porta. 

48.  A  Corliss  Valve  (Figs    30  and  37)  is  n  valve  ih><  erode 
of  which  are  cylindrical  and  whicl  oul    its  axis 

in  a  cylindrical  - ■;■  ■  be  engine 
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cylinder  :ixi*.  The  cylinder  ports  are  opened  or  closed  bj 
this  oscillatory  motion.  ( ioriias  valves  are  employed  two  to 
cylinder  end  -one  (or  admitting  steam  to  the  cylinder,  i  In 
Dthtt  fur  exhausting  tin:  spent  steam  from  the  cylinder.  An 
engine  with  Corliss  valvea  is  therefore  a  four-vain-  engine. 
Corliss  valves  may  be  either  single-ported  (Fig.  36)  or,  as 
mora  commonly  constructed,  multiported  (Fig.  37). 

49.  A    Positively-Operated,    Or    Non-Releasing,    Corliss- 
Valve  Mechanism  (Fig.  38)  is  one  in  which  the  admission 


I    iii.l  the  exhaust  valves,  E,  arc  at  all  times  positively 

connected  to,  and  under  the  influence  of,  the  valve-operating 

(eccentric)  mechanism  to  which  they  are  linked  by  the  react] 

and  C. 

60.  A  Detaching,  Or  Releasing,  Corliss-Valve  Mechanism 
(F%>  W)  HI  DM  Is  which  the  admission  valma,  A,  are  not 
positively  eonnectod  to,  Tior  under  ilie  influence  of,  the  ocean- 
in,    niecliaiiisiii  except   when  these ^—^~;  Arc  open.      A  dash- 


5*.  51) 
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pot  mechanism,  D,  provides  a  suction  for  quickly  closing 
the  steam  valves  as  soon  as  they  arc  detached  from  the  eccen- 
tric mechanism.  Detachment  is  effected  by  releasing  a  snap  - 
ratch,  C,  which  is  controlled  by  the  governor.  The  exhaust 
valves,  E,  are  positively  connected  to  the  eccentric  mechanism 
it  all  times. 

51,  A  Poppet  Valve  (Figs.  40,  41 ,  and  42)  is  a  circular  valve, 
I",  Fig.  40,  having  an  opening  and  closing  movement  perpen- 
dicular to  its  seat,  S,  and  which  allows  steam  to  flow  under  or 
through  it.  This  type  of  valve  effects  a  large  port-opening 
with  a  small  valve-Hft  and  is  free  of 
the  friction  occurring  with  valves 
which  slide  upon  their  scats.  Pop- 
pet valves,  on  account  of  their  sym- 
met  rioal  construction  and  small  size, 
are  well  adapted  for  use  with  high- 
temperature  superheated  steam. 


62.  A  Positively-Operated  Poppet  Valve  (Fin-  41)  is  one 
that  is  positively  opened  and  closed  by,  ami  at  all  times 
under  the  influence  of,  the  valve-opcral  rug  (eccenl  ric)  mechan- 
ism. In  Fig.  4!,  1'  is  the  poppet  valve  ami  M  the  eccentric 
rod  from  an  eccentric  on  a  lay-shaft  which  is  located  on  the 
side  of  the  engine  and  parallel  to  the  cylinder  axis. 

S3.  A  Detaching,  Or  Releasing,  Poppet  Valve  (Fig.  12)  is 
one  that  is  opened  by  the  eccentric  mechanism,  but  is  closed 
by  a  spring,  dash-pot,  or  other  mechanism;  the  valve  is,  there- 
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fore,  under  the  direct  influence  of  the  eccentric  mechanism 
only  during  the  opening  period.  In  Fig.  42,  V  is  the  poppet 
vulva,  .S  tin:  valve-closing  spring,  and  M  the  eccentric  rod 
front  a  lay-shaft  eccentric. 

84.  A  Single-Valve  Engine  (Figs.  12  and  21)  is  one  in 
which  one  valve  controls  both  steam  admission  and  exhaust 
for  Itoth  cihIh  of  the  cylinder.  Thus,  engines  with  D-slide 
valves,  whether  single  or  multiportcd,  balanced  or  unbalanced, 
and  engines  with  simple  piston  valves  are  all  single-valve 
engines. 


66.  A  Multi-Valve  Engine  (Fig.  37)  is  one  in  which  more 
than  one  valve  is  employed  for  admitting  and  exhausting 
steam  at  the  two  ends  of  the  cylinder.  Thus,  all  Corliss, 
puppet,  anil  gridiron-valve  engines  arc  of  this  type. 

86.  A  Short-Stroke  Engine  is  one  the  stroke  of  which  is 
Ions  than  the  diameter  of  its  cylinder.  For  example,  an  engine 
which  has  a  cylinder  12  in.  in  diameter  and  a  10-in.  stroke  is  a 
short-stroke  engine. 

87.  A  Long-Stroke  Engine  is  one  the  stroke  of  which  is 
greater  than  the  diameter  of  its  cylinder.  Thus  an  engine 
which  has  a  cylinder  7  in.  in  diameter  and  a  10-in.  stroke  is  a 
long-stroke  engine. 

58.    A  Counterflow,   Or   Double-Flow,   Engine    .Figs.   43 

and  41)  is  one  in  which  the  direction  of  steam  How  in  its 

cylinder  on  the  exhaust  stroke  is  opposite  to  the  direction 

of  steam  flow  during  the  admission  ?«•.*«.,    Thus  in  Fig.  -13. 

■    steam  is  shown  entering  the  cylift  ing  toward  the 


BNOINE  MECHANISMS 

right.     In  Pig.  44,  the  steam  is  being  exhausted  and,  as  is  seen, 
:■  the  opposite  direction  or  toward  the  left. 


1 


3fe 


u 


r*^fc 

i  Bob  principle. 


employ 


eylinJt 
■u.ui,.!,!. 


1  utaim  Enoijubs  With  Separate  Admission  and  Exhaust 

■■■  I  toctrrxaFLOw  Engines,  if  Hip  exhaust  valves  take 

Mil  ot  the  cylinder  at  its  end.     Thin,  the  Corliss  c-n^irii'  (IV 

■i'l'i'i-tliiu-  engine. 


i--'_:._J 


69.  A  Doiflow  Engine  (Fijrs.  ■■!■■"'  nrnl  -16)  is  one  in  whri-h  the 
i  Bows  in   only  one  general  direction   in   the   cylinder. 
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Tin'  direction  of  steam  flow  during  the  exhaust  period  U  tlir 
aarae  as  during  the  admission  period.     Fig.  45  shows  steam 


being  admitted  into  a  uniflow  engine  cylinder  and  flowing 
toward  the  right.  Fig.  46  shows  the  same  steam  being  ex- 
hausted from  the  cylinder  and  also  flowing  toward  the  right. 

60.  A  Standard  Crank-Mechanism  (Fig.  21)  is  one  consist- 
ing of  a  cylinder,  C,  a  piston,  P,  a  piston  rod,  R,  a  cr-OBBBMdQ 
a  connecting  rod,  L,  a  crank,  B, 
JS^l  and  a  crank  shaft,  M— and  in 

which  the  croeshead  is  located 
between  the  cylinder  and  ilu 
crank  and  crank  shaft. 

61.  A  Back-Acting  Crank- 
Mechanism  (Fig.  47)  consists  of 
the  same  principal  parts  as  the 
standard  crank-mechanism; 
the  back-acting  crank- mechan- 
ism, however,  both  the  crank  shaft,  S,  and  the  cylinder,  C, 
an   always  on   the  eamc   side   ■•'   <<■•■    crosshcad,    //,     This 


'Crank      :     'Connecting  Rod 

Oynhnr 

Fiq.   17.— A    doublE-coniH-cIinK-rui! 
b»ck-«ctingcrs«li-ru¥C]]»niimMM>I>lii-i 
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rill  usually  necessitate  cither  two  piston  rods  c 

.  rods,  01  R  combination  of  two  pisl odfl  am 

ng  rods. 

62.  A  Trunk-Piston  Mechanism 
;.  48)  is  one  employing  an  un- 

OT  trunk  piston,  /', 
a  which  one  end  of  the  connect - 
.  oted  "ii  a  pin,  thus 
ilering  unnecessary  the  cross- 
Mad  in  other  types  of 
BM&gmo  mechanisms.  En- 
cms  with  trunk  pistons  are 
angle-acting.  That  is,  the  steam 
■rthem  is  admitted  to,  and  does 
ui,  only  one  side  of  the 
Internal    combustion   i 

:■ bile,     etc.)     engines    are  ' 

usllyof  the  trunk-piston  type. 

63.  An  Oscillating -Cylinder  Engine   (Fig.  49)  is  one,  thi 
which   consists  of   a  cylinder,   C,   pivoted 


■  ■■■■■. iukIit  i i pe. 


■   0 1  piston  inii,  H;  a  it:. nk.  /. ;  and  n  crank 

,  $,     In   this   type   of  engine,   the   oscillating    cylinder 
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takes  the  place  of  the  connecting  rod  and  crosshead  employed 
in  the  standard  crank-mechanism. 

64.  A  Condensing  Engine  is  one  which  normally  operates 
on  an  absolute  back  (exhaust)  pressure  which  is  less  than 
that  of  the  atmosphere.  The  back  pressure  is  reduced  by 
condensing  the  exhaust  steam  by  the  use  of  some  condensing 
device  (Div.  9). 

65.  A  Non-Condensing  Engine  is  one  which  operates  on  a 
back  (exhaust)  pressure  equal  to,  or  greater  than,  atmospheric 
pressure. 

66.  A  High-Speed  Engine  is  one  which  operates  at  a  speed 
of  about  200  r.p.m.  or  more. 

67.  A  Medium-Speed  Engine  is  one  which  operates  at 
some  speed  between  about  110  and  200  r.p.m. 


Note:   Exhaust  Valves  arc  on 
Opposite  Side  of  Cylinder  and 


Not  Shown 


Steam 
Valve 


Governor 
Root* 

'  VWocX, 
}'    Shaft, 


*\  Guide*  For 
Valve  Stems 


^W.lVJtt*KWi*^JW'*¥£*^^^ 


Shaft,  Extending  to  Other  Side  of 
Enahe.  Operates  Exhaust  Valves 


Fio.  50. — An    engine    equipped    with    a  variable-cut-off  valve-mechanism. 

Allen  engine.) 


(Porter- 


68.  A  Low-Speed  (Or  Slow-Speed)  Engine  is  one  which 
operates  at  a  speed  of  100  r.p.m.  or  lesa. 

69.  A  High-Pressure  Engine  is  one/ which  takes  steam  at 
its  throttle  at  a  pressure  greater  than  225  lb.  per  sq.  in.  gage. 

70.  A  Medium-Pressure  Engine  is  one  which  takes  steam 
at  its  throttle  at  some  pressure  between  80  lb.  and  225  lb. 
per  sq.  in  gage. 

71.  A  Low-Pressure  Engine  is  one  which  takes  steam  at 
the  throttle  at  a  pressure  less  than  SO  lb.  per  sq.  in.  gage. 

72.  A  Fixed -Cut-Off  Engine  (Fig.  2\)  is  one  in  which  the 
point  of  cut-off  remains  constant  throughout  all  ranges  of 
load  and  speed.  The  eccentric,  A\  is  fixed  to  the  shaft,  3/. 
Therefore,  the  eccentric   rod,   F       %  ^  stem,  S,  and  valve 
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ilnys  have  the  same  motion  relative  to  the  engine  cylinder 
ind  valve  seat.  That  is — their  relative  motion  is  independent 
of  the  engine  load  or  speed. 

73.  A  Variable-Cut  Off  Engine  (Fig.  50)  is  one  in  which 
the  point  of  cut-off  varies  with  each  change  of  load  or  speed. 
In  Fig.  50,  as  the  engine  speed  increases,  the  governor  rod, 
t,  lowers  the  link  block,  B,  thus  diminishing  the  travel  of 
the  steam  rod,  S,  and  the  steam  valves,  Vi  and  Fs.  By  means 
of  this  mechanism  the  point  of  cut-off  varies  with  different 
fpwds  and  hence  with  different  loads;  see  following  sections 
oq  governors. 

74.  A  Steam-Engine  Governor  (Figs.  51  and  52)  is  a 
device  which  changes  the  steam  input  to  an  engine  to  meet 


the  varying  demands  of  different  engine  loads,  and  at  the  same 
time  maintains  the  engine  speed  as  nearly  constant  as 
possible.  (See  Divisions  6  and  7.)  Steam-engine  governors 
■re  of  two  general  types— (1)  Shaft  type,  Fig.  51.  (2)  Fly-hall 
.type,  Fig.  52. 

TO.  A  Shaft  Governor  (Fig.  51;  see  also  Div.  7)  is  one 
which  rotates  with  the  flywheel  in  u  plane-  perpendicular  to 
the  crank-shaft  axis.  In  this  type  of  mechanism,  weights, 
B'andJFi.are  rotated  with  the  flywheel,  F.  Rotation  of  throe 
weights  introduces  centrifugal  or  inertia  forces  which 
act  against  the  pull  of  springs,  S,  attached  tof.  The  position 
of  the  weights  depends  upon  these  forces  which  are  proportional 
to  the  engine  speed.  The  position  on  the  shaft  of  t  he  eccentric, 
B,  it  varied  by  the  movement  of  the  weights  which  fly  outward 
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an  the  flywheel  speed  increases.  Since  the  relative  position* 
of  the  eccentric  on  the  shaft  controls  the  valve  action,  », 
governor  of  this  type  will  perform  the  necessary  functions 
ah  given  in  the  preceding  section.  See  Div.  7  for  further- 
discunsion  of  shaft  governors. 

78.  A  Fly-Ball  Governor  (Figs.  50  and  52;  sec  also  Div.  6) 
in  one  in  which  two  or  more  "fly-balls"  rotate,  usually  in  a 
horizontal  plane.  Rotation  introduces  centrifugal  forces 
which  hold  the  balls  away  from  the  axis  of  rotation.  Suitable 
mechanism  affords  a  relation  be- 
tween the  position  of  the  balls 
and  the  amount  of  steam  fed 
i  to  the  engine.  In  Fig.  52,  the 
position  of  the  fly-balls,  G  and 
G\,  fixes  the  amount  of  opening 
of  the  throttle  valve,  V,  thus 
regulating  the  steam  supply  to 
the  engine.  Since  the  governor 
pulley,  P,  is  belted  to  the 
engine  shaft  (see  Fig.  21),  the 
fly-ball  positions  depend  upon 
the  engine  speed.  As  the  load 
increases,  the  engine  speed 
begins  to  decrease.  The  gov- 
ernor opens  the  throttle  valve 
[  and  thereby  again  increases  the 
I  engine  speed.  Likewise  when  the 
xi  Hy-bflJi  load  decreases,  the  engine  speed 
increases  and  the  goveror  closes 
thi-  throttle  valve  thereby  maintaining  the  speed  practically 
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L  What  is  «  vertical  engine?     A  horiiontal  engine?     An  inclined  engine? 
1  Eiplain  the  chief  difference  t>etween  a  side-crank  and  a  center-crank  engine 
1  What  b  a  right-hand  engine?     A  left-hand  engine? 
I.  Wkenii  an  engine  said  to  run  "over"?     To  run  "under"? 
i>  EipUin  fully  the  meaning  of  the  following  terms: 
(a)  A  simple  engine. 
(•)  A  compound  engine. 
(*)  A  tandem-compound  engine. 
(*fl  A  cross-compound  engine. 
{*)  A  duplex-compound  engine. 
{/)  An  angle-compound  engine. 
(f)  A  triple-expansion  engine. 
(•)  A  quadruple-expansion  engine. 
T.  What  is  a  slide  valve? 
t>  What  is  a  D-alide  valve? 

!•  Describe  and  give  the  features  of  a  balanced  slide  valve. 
ML  What  is  a  multiported  valve? 
U.  Describe  the  piston  slide  valve. 
H  Describe  the  riding-cut-off  valve. 
U.  What  is  a  gridiron  valve? 

14  Describe  fully  the  features  of  the  Corliss  valve. 

M-  What  is  the  chief  difference   between   a   positively-operated   and  n   detnehing 
Ciwfisi  lalve  mechanism? 
W.  Describe  the  principle  of  operation  of  a  poppet  valve. 
IT.  Explain  the  difference  between  a  positively-operated  and  n  detaching  poppet 

U.  What  is  a  single-valve  engine? 
II*  What  is  a  multi-valve  engine? 

ML  When  is  an  engine  said  to  have  a  "short  stroke"?     A  "long  stroke"? 
M.  What  is  the  difference  in  principle  between  a  eouuterflow  engine  and  a  uniflow 
mist? 
M.  Describe  the  following  engine  mechanism*: 
(a)  Standard  crank-mechanism. 
(6)  Back-acting  crank-mechanism, 
(e)  Trunk-piston  mechanism. 
(d)  Oscillating-cylinder  mechanism. 
tt.  What  is  a  condensing  engine? 
M.  What  is  ft  non-condensing  engine? 

M,  Give  the  speed  ranges  for:   (<i )  A  high-speed  engine.     (M  A  medium-speed  engine, 
(ej  A  low-speed  engine. 

M,  Give  the  steam-pressure  ranges  for:  (<i)  A  high-pressure  engine.     (M  A  medium- 
Prtssure  engine,     (c)  A  low-pressure  engine. 
IT.  What  is  a  fixed-cut-off  engine? 
M.  What  ia  a  variable-cut-off  engine? 
M,  Explain  the  purposes  of  a  steam-engine  governor. 
N.  What  ia  a  shaft  governor? 
IL  Describe  the  fly-hall  governor 


STEAM-EKGIHE  IHDICATORS  AHD  IHDICATOR 
PRACTICE 

77.  The  Steam -Engine  Indicator  (Fig.  53)  is  simply  an  in- 
sl  rume ii I.  which  record*  graphically  on  an  "indicator  diagram" 
{I),  Fig.  54)  the  variations  of  pressure  within  an  engine 
cylinder,   an   the  engine   piston   occupies  different  position 


thiviiKhoiil  i<*  *tmW.  It  might  ■ 
|wwwiiv  hhhv,  thv  \-\\axX  <«t  whii-h  v 
|m^y«iiio»Ml  i»»  ilv  s)»»l  of  tlv 
I'umtimi  Hvvv  M-  a  (<WIW! 
elenvm.-m  m.hv«UM 

T*,  Th*   tndh*t\*    lti*$r*m  U  K*tr*w»*ty  Useful  \D  D, 
r»K    M^  Iwawv  it  on  *>wl\n-  what   is  taking 


I  Iv  railed  a  recording 
o\vd  always  at  a  speed 
;ok.  Sox"  the  author's 
•!'  ;*w   principle  of   the 
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I  bride  'In-  engine  cylinder  while  the  engine  Is  running. 

b  arc,  briefly,  three  ultimate  ends  to  which  such  analyses 

.   reveal  whether  the  engine  steam  and  ezhauet 

*  are  ofn-fu'Hj  and  dosing  properly  in  relation  to  the  position 

jine  piston.     (2)  They  enable  one  to  calculate  the  power 

by    the    expansion    oj    the    steam    within    the    engine 

Uh   further  eal- 


.  noble     one    to 
Tininc,     approximately,     the 
■  am   which  the  engine 
luimj.     Besides   these   t  hree 
i  jj: i  lions,    the   indi- 
diagram    may   reveal   ex- 
inary  1  roubles  or   defects 
would  otherwise  be  diffi- 
t  to  allocate.     These  uses  of 
■i-   diagram   will    be 
eparately  in  subse- 
rous. 
79.  Watt's  Indicator  Is  Per- 
is The  Simplest  Form  (Figs. 
Steam   enters  the 
■  Imder,  C,  from  the 
nc  cylinder,    E.     The   pres- 
■  :im  forces  the  pis- 
P,  upward,  compressing  the 

lising  the  pencil,       ul  *'*"'*  •<•»"•-<•»*••*  io<ii«iuir. 

of  paper,  It,  being  moved  at  the  same  time  by 

,  /',  which  is  attached  to  the  crosshcad  of  the   engine, 

described  upon  it  a  "diagram,"  1)1),  which  indicates, 

;  an)  ilming  a  revolution  of  the  engine,  the  pressure 

tin-  engine  cylinder.     At  any  instant,  the  height  to 

:h  the  pencil  has  been  raised  will  lie  b   measure  of  the 

■K  at   that  instant   within  the  engine  cylinder,  whereas 

horizontal  distance   through    which   the   paper  has   been 

1 1.  ■  r r i  ul  I nil    foi  example.  I/,  Fig.  54)  will  denote  the 

■  in  of  the  piston  in  the  engine  cylinder  al   thai   instant, 
this  It  follows  thai  the  length,  /.,  of  the  diagram  repre- 
■i  li  of  the  engine  pisloii's  stroke. 
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Note. — Modern  Indicators  (Figs.  53,  56,  and  57)  Diiteb  From 
Watt's  Type  only  in  constructional  details.  In  a  modern  indicator  the 
paper,  upon  which  the  diagram  is  traced,  is  held  by  clamps,  K  (Fig.  531 
to  a  cylindrical  drum,  D,  which  is  given  a  rotative  motion  by  the  cord,  F, 
from  the  engine  crosshcad.  Also,  the  pencil,  A,  in  a  modem  indicator  is 
made  to  move  a  distance  greater  than  the  motion  of  the  indicator  piston. 
This  is  accomplished  by  means  of  a  pencil  mechanism.  Then  too,  some 
modern  indicators  have  the  spring,  S,  outside  the  hot  cylinder  (Fig.  57), 
better  adapting  them  for  use  with  superheated  steam. 


80.  The  Pencil  Mechanism  (Figs.  5S  and  59)  permits  the 
use  of  strong  indicator  springs  (Sec.  92)  which  need  not  be 
compressed  (or  extended)  through  a  great  distance  and  still 
affords  a  diagram  of  reasonable  height.  By  thus  minimizing 
the  extent  of  motion  of  the  heavier  parts,  meanwhile  reducing 
I  he  weight  of  those  which  have  greater  movement,  modern 
indicators  have  been  made  reasonably  free  from  inertia  effects 
at  the  usual  engine  speeds.  A  good  pencil  mechanism  will 
trace  ;i  straight  rerlical  line  upon  a  card  held  on  the  drum 
(not  in  motion).  It  will  also  cause  the  pencil  to  move  through 
a  distance  exactly  proportional  to  (usually  four  to  five  times) 
the  movement  of  the  indicator  piston. 
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81.  The  Two  Principal  Types   Of  Pencil  Mechanism  Are 

The  "  Parallel-Link  "  And  "  Curved -Slot"  mechanisms  (Figs. 

1        The   parallel-link   mechanism,  in  some   makes 

re,  differs  slightly  in  details  from  the  arrangement 

(if  Fig.    SS    (fee    Practical    Heat).     In    the    curved-alot 

nrj   tlir   roller  on  the  pencil  arm  is  kept  within  the 

r  hich  is  so  formed  that  t  he  point  is  given  the  desired 

motion 


63.  An    Indicator    Reducing    Mechanism  Usually    Called 

A   "Reducing    Motion"    (Fig.    W)    i-^    neeessary    (whenever 

ike  ol    lln-  engine  is  gtv:iHi'  lliiin  the  longest  diagram 

.   I«  drawn  mi  tin-  indicator  drum)  to  insure  that  the 

of  the  engine  piston  may  be  represented  t 

ird.     As    the  length  of  diagram  attainable  ' 
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most  indicators  is  from  4  to  6  in.,  it  is  evident  that  nearly  all 
engines  will  require  reducing  mechanisms  of  some  kind. 

Note. — Experience  shows  thai  for  speeds  over  300  r.p.m.  the  length  of 
diagram  should  not  exceed  3  in.; — speeds  over  200 — 3>j  in.; — speed* 
100  to  200 — i  in.;  speeds  under  100— optional. 

83.  There  Are  Four  Principal 
Types  of  Indicator  Reducing 
Mechanisms.  These  are  the:  (I) 
Pendulum  lever,  Fig.  60.  (2)  Panto- 
graph, Fig.  62  (3)  Reducing  wheel. 
Fig.  66  (4)  Inclined  Plane,  Fig.  69. 
The  first  three  are  the  ones  most 
commonly  used.  Any  of  these 
reducing  mechanisms  can  be  made 
practically  perfect  but,  if  not  care- 
fully set  up,  may  give  results  which 
are  very  much  in  error.  Each  type 
will  be  discussed. 


84,  The  Pendulum-Lever  Reducing  Mechanism  (Fig.  60) 
is  very  widely  used  and  gives  an  accurate  reduction  if  certain 
requirements  are  observed  in  it*  construction.  The  pendulum 
lever,  P,  should  he  at  leasl  as  long  as  the  eiipine  siroko  and 
must,  in  ils  mid-position,  ab  (!■%.  fiO).  be  at  right  angles  to 
the  direction  of  motion  of  the  enwshcad.  The  connecting 
link,  C,  between  the  pendul""*  L™*  and  the  crosshcad  should 
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•■about  half  the  length  of  the  engine  stroke,  L.     The  pendu- 

. -,,|  the  connecting  link  muat  be  so  arranged  that  the 

■  hen  they  we  Fastened!  will  be  the  same  distance 

a  the  Hoe  ed  when  Hie  cross! it'iii I  is  at,  either  end  of  its 


("ivtl,  as  it  is  below  cd  when  in  mid-stroke.  The  line  cd  is 
parallel  to  the  axis  of  the  engine  cylinder,  which  | 
ihmugh  the  center  1'of  the  point  of  attachment  of  the  connect- 
I;i"  link  to  llie  erossheaii.     Also  the  drum  cord  must  be  led 


Of  00  dcg.  to  the  mid-position,  cf,  of  its  levt . 

To  do  this,  il  is  s tiim-H  necessary  to  enlarge  thai 

li  vct  ;is  shown.      I'l-cquroily,  a  segment  of  : 
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grooved  pulley  (Fig.  61)  is  substituted  for  the  pin,  H,  on  the 
pendulum    lever.     This  segment  is  called  a  brumbo  pulley. 

Note. — The  Pivot  Point,  n,  Is  Frequently  Placed  Below  The 
Crobshead  (Fig.  61)  when  it  is  inconvenient  to  provide  a  bearing  for  it- 
overhead.  In  such  cases,  the  entire  mechanism  is  simply  inverted  and 
very  often  the  bearing  is  fixed  to  the  floor. 

Note. — To  Find  The  Point  Op  Attachment,  H,  (Fig.  60)  or  the 
distance,  Hn,  from  the  pivot  point  to  the  pin  (or  radius  of  brumbo 
pulley),  to  produce  a  certain  length  of  diagram:  Rule. — Multiply  the 
total  length  of  the  lever,  tnn,  by  the  desired  length  of  indicator  diagram  and 
divide  by  the  stroke  ,L,  of  the  engine,  all  in  inches. 

To  Find  The  Length  Of  Diagram  produced  with  the  cord  at  a  certain 
point  of  attachment:  Rule. — Multiply  the  distance  from  piiot,  n,  to  point 
of  attachment,  Ht  by  the  stroke,  L,  and  divide  by  the  total  length  of  the  lever, 
mnt  all  in  inches. 

Example. — An  engine  with  a  30-in.  stroke  is  provided  with  a  pendulum 
lever  35  in.  long.  To  obtain  an  indicator  diagram  3  in.  long,  how  far  from 
pivot  must  the  pin  be  placed?     Solution. — 35  X  3/30  =  3}£  in. 

Example. — An  engine  with  a  24-in.  stroke  has  a  5-ft.  pendulum  lever 
with  a  brumbo  pulley  having  a  radius  of  10  in.  How  long  an  indicator 
diagram  will  it  give?    Solution*. — 10  X  24,60  =  4  in. 

86.  The  Pantograph  Is  An  Instrument  Which  May  Be  Used 
As  A  Reducing  Mechanism  (Figs.  62  and  63)  because  it  con- 
tains two  points  whose  motions  are  always  parallel  and  propor- 
tional to  each  other.  It  may  be  briefly  described  as  a  number 
of  links  pivoted  together  so  that  they  form  two  sets  of  parallel 
links.  One  point,  A.  (Fig.  62  or  63>  is  fixed  stationary. 
Another  point,  ft,  is  given  a  certain  motion,  while  a  third  point, 
(\  will  receive  a  motion  proportional  and  parallel  to  that  of  B. 
Points  A,  /?,  and  C  must  originally  be  selected,  however,  on  the 
same  straight  line,  as  shown.  Figs.  64  and  65  show  methods 
of  using  pantographs  on  engines.  Note  that  the  cord  is 
always  taken  frtMii  the  pantograph  in  a  dirwtioi:  parallel  to  the 
axis  of  the  cylinder. 

Xotr—  Thk  rownox  Of  IVivt  <  Can  Bi  F.rxT  .:  \U  Travel  of  B 
and  tho  dosmvi  travel  *>*  C  .Fur*  t£  :o  tv>  aty-  kr,.  v  -.  :  O -valine  in 
this  formula. 

(7)  JK**w  .41    -  TTOJ^.:  ,,  $ 

ExAWUfc,—  If  Fi£.  «  i*pn«**iis  *  -W  «?Vikf  »  24  :n..  a»d 

an  iiHiicator  diagram  4  in.  tag R*  » ti*  pcia.Tj.ii.  s:k.*u  « 
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is  36  in.  from  A  to  B,  what  muat  be  the  distance  AC1    Solution.— 
Distance  AC  =  4  X  36/24  =  6  in. 


..-■Cngbt  Cytndrr 


86.  The    Reducing    Wheel, 
Figs.  66  and  57,  is  a  device  in 
which  a  cord  is  run  directly  from 
the    crosshead    onto    a    pulley 
which  it  rotates,  while  another 
cord    is    run     from    a    second 
pulley  to  the  indicator  drum — 
the  second  pulley  being  either 
smaller   or  geared  to  a  slower 
""  "  ~tw™',°<^;p"  """"  w"n  '   rotative  speed  than  the  first  and 
driven  directly  from  the  first. 
87.  Features  That  Must  Be  Observed  When  Using  Reduc- 
ing Wheels  are:  (1)  The  wheels  should  be  so  designed  thai  under 


operating  conditions  the  momentum  of  the  moving  parts  will  not 
become  sufficient  to  produce  slackness  in  the  cord  at  any  time. 


^F^j    *=| 


'-.,.    «Brfu 

*»  M"^--„ 

£^?Z>. 

'  S — — t^        K      n  ■ 

cop — — ~* 

«W-         y       | 

^^5«W 

lupine  Cy/' 

*.-.• 

(2)  A  cord  should  be  used  which  will  not.  stretch  to  any  appreciable 
extent.     Nearly  all  indicator  mtu>  n  furnish  reduc- 
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mg  tneels  and  cords  which  will  satisfy  the  above  requirements 
uid  which  arc  applicable  to  different  types  and  sizes  of  engines. 

\\  ■-.  --  Usnta  Redocinu  Wheels  always  see  ihat  the  cord 
ifip.  07  and  68)  from  the  crosshoatl  tn  the  wheel  i*  practically  parallel 

lotto  axis  of  the  engine  cylinder  (K,   Fig.  07)  and  that  the  dm r 1 1 

Wh  it*  pulley  at  right  angles  to  the  axis  of  the  pulley  (R,  Fig.  07), 
Thn  sill  prevent  angular  distortion  of  the  diagram.     Conditions  A  and 

:  ■.■sides  causing  distortion  will  tend  to  make  the 
'he  pullrys.     Condition  D  will  give  a  very  poor  reduction  but  may 
d  either  as  shown  dulled  at  C,  or  as  K,  Fig.  67. 


88.  The    Inclined -Plane   Reducing   Mechanism    (Fig.   69) 


17). 

uid 

t 


gle  through  which  the 


y  good  reduction 
klknitik,    L,    turns    is    kepi 
fiirlv    small.     The    length    of 
Bxed  by  the  incli- 
nation of  the  plane,  P,  and  the 
a  of  the  two  arms  of  the 
BIT,  /.      The  upright  arm  can 
v  of  such  length  as  to  bring 
i  in  line  with  the  indi- 
A  catch,  C,  (Fig.  69) 
mged  to  hold  the  roller  free  of  the  plane  and  thereby 
2  indicator  without  unhooking  the' cord.     This,  at 
;i'nr    prevents  flapping  of  the  cord, 
.  Every  Indicator  Reducing  Motion  Should  Be  Givt 
>  Tests  Before  Using:  (1)  Teat  for  accuracy  of  reduction. 
i  divide  the  stroke  of  the  crosshead  into  eight  equal  parts 
70).     Attach    an   indicator,   without  a  spring,   to  the 
Now,  with  the  indicator  attached  to  the  reducing 
a  and  the  crosshead  at  zero,  make  a  vertical  mark  on  the 
-  card  by  raising  the  pencil  lever.     Then  move  the 
[head  BUfiCessively  to  positions   1,  2,  3,  etc.,   making  a 
I  mark  on  the  indicator  card  for  each  position.     If  the 
s  between  the  lines  on  the  card  are  equal,  the  reduction  is 
^factory.     (2)  Test  for  lost  motion  and  inertia  or  momentum 
Now  run  the  engine  slowly  and  take  an  "atmospheric 
Sic,    100),   holding  the  pencil  on  during  a  complete 
i.     Lei  the  engine  get  up  to  speed  and  take  another 
I  lie  in-  above  the  first.     A  considerable  diff 


eby 
the 

vtn 


J 


50       STEAM  ENGINE  PRINCIPLES  AND  PRACTICB     [Dr.:  3 

in  I  In-  length*!  of  the  two  lines,  indicates  momentum  effects  in 
tin-  reducing  mechanism  or  the  drum  itself,  or  stretching  of  the 
coixl.  The  remedies  ure  taking  up  all  lost  motion,  using  n 
hIioi'L  cord  or  n  wire,  and  so  adjusting  the  drum  spring  that  the 
dixcivpnncy  will  he  a  mini 


Indicators,  great  care  must  be  taken  that 

it'iit  aisse  to  allow  the  steam  to  (low  through 

(reducing  the  pressure)  and  that  the  pipe 

volume  to  affect  the  working  of  the  engine 

nee  volume. 


Or  Piping  An  Indicator  is  to  drill  and 

ioro  of  the  engine  lor  |j-in.  pipe,  as  at  A, 

too  eliort  it  ia  well  to  chip  a  channel  into 

chips  must  then  be  removed  from  the 

noil  the  indicator.     Where  no  steam  pipes 

the  top  of  the  cylinder,  it  is  hest  to  locate 

tbpy  are  mounted  on  the  side  of  the 

fartor^^C,  Fig.  71)  is  then  .screwed  into 

*"*    'mediate  piping.     The  ell 
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■■■iM-.-.r Pig    05  i-i.ii  well  be  in.'.]  so  Lb*l  Ih* 

»ik.r  ilmni  will  extend  .»ii  horuontftllji  from  tlui  cylinder. 

Imii.ai.iii  Cocks  Should  Have  A   Km.ii:i    Passage 

wtiicli  "ill  ri'lii-vi;  rlii-  pr.'ssur.'  I  >liii';i<  Ii  1 1n-  i  nilj.'iit .  ■!    |m-Iihl 
i-  in  lin-  cI.im-.I  ji.isili.iii. 


91.  Using  A  Single  Indicator  For  Indicating  A  Cylinder  Is  To 
Be  Avoided,  if  possible,  but  whenever  necessary,  a  three-way 


k  should  \«-  used  and  piped  aw  shown  in  Fig.  72.     The  irxli- 
r  is  thrown   into  communication    with  one  end   of 


ndJ- 

m 
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cylinder  and  then  the  other,  giving  the  two  diagrams  on  one 
card.  Diagrams  taken  with  an  indicator  so  arranged  cannot 
be  relied  on  for  accuracy  because  of  the  time  required  to  fill  the 
pipes  with  steam  up  to  the  pressure  within  the  engine  cylinder. 
The  arrangement  of  Fig.  73  is  to  be  especially  avoided,  because 


of  the  excessive  steam  volume  in  the  piping  and  because 
of  errors  due  to  the  two  valves;  if  found  on  an  engine,  this 
arrangement  should  be  replaced.  The  arrangement  of  Fig.  74 
may  lie  safely  used  where  it  is  essential  that  provision  be  made 
for  testing  with  cither  one  or  two  indicators. 

em e.n T  of   Fig.    T2    Usually   Gives   Power 

Kksvltb    Which    Are  3   To    7    Peb 

Cent.  Too  High,  although  in  certain 

eases  it  gives  results  so  poor  that  it  is 

useless.     It    is   well,    when    using   this 

.  to  compare  a  diagram  so 

i   one   taken   with   a   direct 

and  i In-  engine  under  the 

92.  Indicator  Springs  Are  Classified  As  To  Their  Stiffness, 
the  number  (or  mile)  of  an  indicator  spring  being  the  pressure 
(in  pounds  per  square  inelO  which  must  l>o  exerted  upon  the 
indicator  piston  to  raise  the  pencil  one  inch.  Thus,  a  100-lb. 
spring,  when  in  an  indicator,  would  permit  the  pencil  to  be 
raised  1  in.  by  a  pressure  of  100  lb.  per  sq.  in.  within  the 


8k.  93] 


STEAM-ENGINE  INDICATORS 


53 


engine  cylinder,  2  in.  by  a  pressure  of  200  lb.  per  sq.  in.  and 
so  od.  Table  93  shows  the  different  springs  made  by  American 
manufacturers  and  the  maximum  safe  pressure  to  which  they 
can  be  subjected,  when  used  with  a  2^2 -sq.  in. -area  piston. 
When  used  with  a  ^-sq.  in.-area  piston  the  scale  and  safe 
pressure  are  twice  the  values  shown  in  the  table. 

Example. — A  50-lb.  spring  when  used  with  a  >i-sq.  in.-area  piston 
becomes  a  100-lb.  spring  with  safe  pressures  of  200  to  240  lb.  per  sq.  in. 

Xotk. — Since  The  Spring  Is  The  Actual  Measuring  Element  Of 
Ax  Indicator,  great  care  must  be  taken  that  it  actually  measures  as  it 
should.  8pring8  gradually  change  their  stiffness  with  continued  use  and 
should,  therefore,  be  periodically  tested,  especially  before  and  after  being 
used  on  important  work. 


93.  Table  Showing  Safe  Pressures  For  Indicator  Springs, 
the  higher  values  of  safe  pressure  being  for  engine  speeds 
below  200  r.p.m.;  the  lower  values  for  speeds  up  to  300  r.p.m. 


Scale  of  spring, 
pounds  per  inch   ' 

Safe  pressure, 
pounds  per 
square  inch 

i 
,  Scale  of  spring,  ' 

pounds  per  inch  j 

i 
i 

60 

Safe  pressure, 
pounds  per 
square  inch 

8 

.     5  to  10 

120  to  140 

10 

9  to  15 

64 

130  to  145 

12 

11  to  20 

70 

135  to  150 

16 

20  to  30 

72 

140  to  160 

20 

30  to  40 

80 

160  to  170 

24 

40  to  50 

!              90 

180  to  190 

30 

!         55  to  65 

100 

200  to  215 

22 

i         60  to  70 

120 

225  to  240 

40 

80  to  95 

125 

230  to  250    • 

48 

i         95  to  115 

1 50 

265  to  300 

50 

|       100  to  120 

200 

i       325  to  380 

i 

94.  In  Testing  An  Indicator  Spring  (Fig.  75),  the  indicator 
•should  be  mounted  on  a  vessel,  V,  together  with  a  test  gage,  G, 
and  subjected  to  steam  pressure  in  o-  or  10-11).  per  sq.  in. 
steps,  beginning  with  atmospheric  pressure  as  zero.  The  cord 
should  be  drawn  by  hand  at  each  pressure  to  obtain  a  hori- 
lontal  line  (Fig.  76)  about  half  way  along  the  card.  After  the 
pressure  has  reached  the  maximum  it  should  be  lowered  again 
in  the  same  steps.    The  line  corresponding  to  a  certain  pres- 


M       #T£AM  f-\(J.M"  FkIS*  1FLE>  ASD  PRACTICE     IDnr. 

»ure  may  I*  hijdiT  dot  ihan  Irfore.  due  to  friction  witli 
the  indicator  cvliadw.    Tb*  card-  vben  the  test  is  complete 


Klu.  7f>.     Apparuluw  for  tcntiiiK  imlicutor  Hpringn  (also  gages  and  thermometers). 

hIioiiIiI  look  like  Fig.  70.     The  moan  between  the  two  lie 
drawn  at  a  certain  pressure  is  taken  as  the  average  for  tb 
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pivsaurv.     'The  spring  scale  can  tlu-.i  »v  ouli-uUiied  from  ei 
height  hv  suUttuutitt&  in  the  lormulu. 


^S>     Spring  Swk  -  '    '  A 
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Example. — If  h,  Fig.  70,  is  measured  to  be  1.19  in.,  and  is  the  height 
tothe&Mb.  line,  as  shown,  then:  spring  scale  =  50/1.19  =  42  lb.  per  in. 
Iliivihie  supersedes  the  manufacturer's  scale,  which  was  40. 

Note.— Manufacturers  Will  Test  Indicator  Springs,  when  sent 
to  the  factory,  for  those  who  lack  apparatus  for  making  their  own  tests. 
The  author,  however,  recommends  the  construction  and  installation  in 
every  engine  room  of  an  apparatus  similar  to  Fig.  75.  Besides  testing 
indicator  springs,  it  is  very  useful  for  testing  gages  and  thermometers. 
He  indicator  cock  can  readily  be  replaced  by  a  gage  siphon  or  a  ther- 
mometer well.  The  gage  glass  is  unnecessary  except  for  thermometer 
toting,  in  which  tests  water  in  the  glass  insures  saturated  steam. 

96.  In  Selecting  Springs  For  Indicating  An  Engine,  boar  in 
mind  that  the  larger  the  diagram  taken,  the  less  will  be  the 
percentage  error  in  making  cal- 
culations from  it.  There  are, 
however,  certain  limitations  to 
this  policy.  On  high-speed 
engines,  large  diagrams  are  likely 
to  be  accompanied  by  inertia 
effects  in  the  indicator  and  its 
Bfechanism,  which  would  intro- 
duce errors  offsetting  the  ad- 
v*nUges  of  the  large  diagrams.  If  too  light  a  spring  has 
been  selected,  these  effects  will  appear  on  the  indicator  diagram 
win  Fig.  77,  A  and  B,  and  call  for  a  stiffer  spring. 

Note. — In  General,  The  Proper  Spring  May  Be  Selected  In 
Advance  by  one  of  the  following  rules,  which  are  based  on  a  diagram  not 
°v«l»i  in.  in  total  height: 

For  non-condensing  engines  (or  cylinders), 

,ftl  pressure  at  straw  ralrrs 

W  tpnng   scale  »   -  -3  -  (lb.  per  in.) 

For  condensing  engine*  (or  cylinders), 

,    ,  .  vacuum  in  condenser 

pressure  at  at  cam  calces  -+■  4> 

(10)  spring  scale  =   -  1  •'* ' 

(II).  per  in.) 
H"berein:  Pressure  at  steam  mires  is  in  pounds  per  square*  inch,  gage. 
Vacuum  in  condenser  it*  in  inches  of  mercury  column.  Since  the  vacuum 
in  the  condenser  is  usually  between  25  and  30  in.  of  mercury,  For  (10) 

nay  be  amplified  to: 

„.t        .  ,        pressure  at  ntcam  valrcs  -f  15 

(11)  spring  scale  —  -  13/  (»>•  Vor  ln) 

Example. — A   compound   engine   is  operating   under   the   foil' 


Via.  77. — Inertia  offcctB  in  indicator 
diagram  caused  by  too  weak  xpriiiK. 


•  '  '  .    •  • 


■  I 
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iv:-*riv»:r.  4  '.'...  j>-r  -*-;.  4.v  fcijt*-.  \  is'- .;-:;-  .:.  •■■■■ia*Lif*-r.  -'7  .l.  ■:  :ii~r.-.rv 
column.  rir,d  -jyrifijE  -^ -:»)«— .  :v#:.t~tI"N. — A:«;-!y.ix  F.-r  y  : ■■?  ".tJ^ 
high-pre-%*ir«:    *;.  !;rid<-r:  >i>t\uq    vnU  =  :^wi«"<    -s:    *>c«.  fii'vt   1L4    ^= 

200  -5-   r-i    =    114*7  Ih.  /Mrxn.       HetiCe  a  "  13>4b."  «pr.^£  sb.iViid  !*  U9 

Now  applying  For.     10,   for  *he  low-pres-sire  tylii»dw.  *;»-v»..p  k«jV 
[prt-uurt  at  tU'jffi  toUtt  —  \i  /  iacuum  t>.  eo**d*T..M-     1L«  =    4  —  *j 
27/  'l?i  *  17.. j  -s-  1.75  =  10  ft.  f*r  ir«.     Or  by  applyiiic  For.    31   :ejmr+ 
$cale  —  'pr<**urt  at  *Uam  tab.*.*  —  15...  I5*  =    4  -r  15    -5-  1~«  =  19  -S"" 
1.75  =  10' 7  ft.  p*r  ifi.     A  10-  or  12-lb.  spring  mi^ht  l«e  used  here. 

CArnox. — Always  I"»e  A  .Stiffeh  Spring  Than*  CoMpnxD  raihe*~ 
than  a  weaker  spring,  thu-  avoidirig  the  possibility  of  the  peij'.-il  rising 
above  the  top  of  the  drum  and  catching  there. 

96.  In  Placing  The   Selected   Spring   In  The   Indicator 

one  end  is  fastened  firmly  to  its  stationary  support  Cap.  C9 
Fig.  56.  in  inside-spring  indicators;,  the  other  end  to  the 
piston  '.in  some  indicators  to  the  piston  rod).     Before  placing 

the  piston,  spring,  cap.  and 
pencil  mechanism  into  the  indi- 
cator body,  see  that  there  is  no 
excessive  lost  motion  in  the 
parts  'hold  cap  in  one  hand  and 
try  moving  pencil  arm  with  the 
other;  and  adjust  the  pencil  to 
approximately  the  proper  height 
(Fig.  78).  Hold  bracket,  A",  in 
one  hand  and  turn  piston  with 
the  other.  Then  lubricate  the 
indicator  piston,  P,  with  a  drop 
or  two  of  cylinder  oil,  and  the 
pencil  mechanism  with  a  very 
milt  machine  oil  (manufacturers  supply  porpoise  oil)  and  screw 
■ap.  t\  into  place.  If  the  pencil  is  too  high  or  low  repeat  the 
•.tiju&uiHMit  until  it  is  correct.  The  pencil  should  be  about  \'± 
t.  ;ihm*>  ih*  bottom  of  the  card  if  the  indicator  is  used  on  a  non- 
"Mi»fttf4/HJ  cylinder.  On  condensing  cylinders  it  must  be  high 
vug*  *o  ihai  the-  vacuum  on  the  exhaust  stroke  will  not  draw  it 
:m  *u  the  iJoUom  of  the  card. 

\  y+rur  -   l)u  iIhj  low -pressure  cylinder  of  the  engine  of  the  example 
Jo,  ilw  peutiii  should  be  about.  1 i-„  in.  fruln  the  bottom  of  the 


Fw.  ^ — Method  of  auljiwtiiiK  pencil 
height. 
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ST.  Before  Applying  An  Indicator  To  An  Engine  Always 
Allow  Steam  To  Blow  Through  The  Cock  to  remove  all  dust 
ind  grit  that  may  have  settled  there  and  thereby  prevent 
injury  to  the  finely-finished  indicator  cylinder.  It  is  well  to 
hive  cape  (Fig.  74)  to  fit  over  the  indicator  cocks  when  they  are 
not  in  use  to  keep  out  foreign  matter.     Then  connect  the  drum 


C***- 1**  Of  Mai&Cfihars 
Tk.  7»—  Proper 


-^^^J^ 


cords  to  the  reducing  mechanism  as  shown  in  Fig.  79,  and 
adjust  their  lengths  to  get  the  diagrams  in  about  the  centers 
of  the  cards.  Try  the  cord  by  hand  before  attacking  to  the  run- 
mg  engine.  Adjust  the  handle  (//,  Fig.  53)  so  that,  when 
pressure  is  applied  to  it,  a  very  light  line  will  be  made  upon  the 
<»rd.    Then  take  pencil  from  drum  and  open  the  cock  to  sec 


that  the  pencil  will  not  ovcrtrnvcl  the  drum  either  at  the 
top  or  at  the  bottom. 

98.  Indicator  Paper  should  be  smooth,  tough,  mid  well- 
calendered,  so  that  it  can  be  handled  without  damage  and 
that  it  offers  little  friction  to  the  passage  of  the  pencil ' 
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surface.  It  should  be  cut  to  the  height  of  the  indicator  drum 
and  about  1  in.  longer  than  the  circumference  of  the  drum. 
The  paper  is  put  on  the  drum  (Fig.  80)  by  inserting  one  corner 
under  the  longer  clip,  bending  the  card  (paper)  around  the 
drum  and  bringing  the  other  corner  under  the  other  clip,  then 
pulling  it  tight  around  the  upper  end  of  the  drum.  Then, 
by  taking  hold  of  the  two  corners  between  the  clips,  the  card  is 
slid  down  the  drum  (Fig.  81),  pulled  tight  again  around  the 
drum  and  the  ends  folded  back.  A  little  practice  enables  one 
to  do  this  quickly  and  neatly. 

99.  The  Indicator  Pencil  should  be  of  hard  lead  and  should 
be  short  and  kept  well  pointed.  Too  long  a  lead  will  cause 
inertia  effects  in  the  pencil  mechanism.  As  the  point  wears 
down,  it  must  be  resharpened  by  rubbing  it  on  a  piece  of  fine 
sand  paper  because  a  fine  line  is  very  essential  in  indicator 
work.  A  metallic  point  can  be  used  on  a  paper  coated  with 
sulphate  of  zinc  and  has  the  advantage  of  keeping  its  point 
although  it  offers  more  friction  than  a  lead  point. 

100.  An  "Atmospheric  Line"  Should  Be  Drawn  On  Each 
Card  before  taking  a  diagram.  It  is  best  drawn  by  holding  the 
pencil  to  the  card  (cock  closed)  and  rotating  the  drum  through 
a  complete  revolution  by  pulling  the  cord  by  hand  as  far  as  it 
will  go,  before  attaching  the  cord  to  the  reducing  mechanism. 
The  importance  of  always  taking  an  atmospheric  line  cannot  be 
overestimated.  Its  uses  will  be  brought  out  in  subsequent 
sections. 

101.  The  Indicator  Diagram  Is  Taken  As  Follows :  (1)  Open 
indicator  cock  and  allow  indicator  to  "warm  up."  (2)  While 
indicator  is  warming  up,  attach  drum  cord  to  reducing  mech- 
anism. (3)  Hold  pencil  to  paper  for  at  least  three  or  four 
revolutions  of  engine.  (4)  Close  cock  and  unhook  drum  cord. 
(5)  Examine  card  for  evidences  of  indicator  errors.  As  connec- 
tions in  the  indicator  and  at  the  cord  are  apt  to  work  loose,  it  is 
advisable  to  frequently  try  the  indicator  pencil  for  lost  motion 
and  to  watch  that  the  diagram  remains  in  the  center  of  the 
card  (to  make  sure  the  drum  is  not  striking  its  stops). 

NOTK. — CoNVKNIKNT    MkTHODS    Of    "  HoOKlN(2-lTp "    An    INDICATOR 

Corny  arc  illustrated  in  Figs.  S2.  83  and  SI.     Fir.  85  shown  how  an  adjust- 
able loop  may  he  arranged  in  an  indicator-cord  end.     Fig.  86  illustrates  a 
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knot,  for  attaching  the  cord  to  the  hook.whereby  the  cord  length  may  be 
adjusted  readily.  Indicator  cords  should  preferably  be  high-grade, 
smooth  fish  line  known  in  the  trade 
as  "trout  line."  It  should  be  from 
Ha  to  H*  >>»■  i»  diameter.  Any 
smooth  cord  which  has  sufficient 
strength  and  which  will  not  stretch 
wilt  do.  Iron  wire  between  H* 
and  Ha  in.  in  diameter,  is  some- 
times used  instead  of  cord  for  opera- 
ting indicators.  No.  22  gage  an- 
nealed iron  wire  or  picture  wire  may 
prove  satisfactory.  Kinks  may  be 
iken  out  of  iron  indicator  wire  us 
iggested  in  Fig.  87. 

102.  An  Ideal  Indicator  Diagram  is  shown  in  Fig.  88.  This 
diagram  is  for  an  engine  having  a  stroke  of  32  in.,  cutting  off 
when  the  piston  has  traveled  8  in.  from  the  beginning,  and  the 
exhaust  valve  opening  2  in.  before  the  end  of  the  stroke.  It  is 
assumed  that  the  exhaust  valve  closes  5  in.  before  the  end  of 


the  return  stroke  and  that  the  steam  valve  opens  when  the 
piston  is  exactly  at   the  end.     "  lied  with 

.steam  at  (iO  lb.  per  sq.  in.  ga  ideneer 

where  the  vacuum  is  12  lb  ■cury 
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column).  A  vertical  scale  of  pressures,  XM,  (Fig.  88)  and  a 
boriiontal  scale,  XN,  representing  positions  of  the  piston  are 
laid  off  on  the  squared  paper.  While  the  piston  travels  its 
first  8  in.,  the  pressure,  LC,  inside  the  cylinder  will,  of  course, 
be  60  lb.  per  sq.  in.  because  the  steam  valve  is  open.  The 
steam  then  expands  along  a  line,  CR,  until  the  exhaust  valve 
opens  at  R,  where  the  pressure  drops  rapidly,  RE,  to  that  in  the 
condenser.  On  the  return  stroke  of  the  piston  the  pressure, 
IK,  remains  that  of  the  condenser  until  the  exhaust  valve 
rinses  (K).  Then  the  steam  which  remains  in  the  cylinder 
i>  compressed  (KB)  and  finally,  when  the  piston  reaches  the 
end  of  its  travel,  steam  is  again  admitted  (B)  from  the  boiler 
ind  the  pressure  in  the  cylinder  immediately  rises,  BL,  to  the 
pressure  of  the  steam  supply. 

Nan. — The  Exact  Form  Op  The  Compkkshion  And  Expansion 
Lbu  depends  upon  the  clearance  volume  and  will  be  treated  separately 
(Sco.  106  and  111). 

US.  The  Actual  Indicator  Diagram  Differs  Widely  From 
The  Theoretical  (except  in  occasional  instances)  for  various 
■esstms:  (1)  The  valves  may  not  be  net  to  give  the  best  diagram. 
(2)  The  engine  design  may  not  allow  of  a  perfect  diagram  even 
■w  the  valves  in  their  best  setting.  (3)  The  installation  of  the 
"•Ji'ie  may  be  at  fault.  However,  the  indicator  diagram 
enables  one  to  intelligently  set  the  engine  valves  and  to  know 
why  a  more  perfect  diagram  is  not  obtained.  In  studying 
toe  diagram,  each  "line"  of  Fig.  88  will  be  considered 
Kparately. 


101.  The  "Admission  Line"  Will  Be  Of  Varied  Appearance 
for  different  engines.  BL  (Fig.  88)  and  A,  Fig.  80,  show  the 
idea]  form  in  which  it  often  appears  on  cards  from  slow-speed 
four-valve  engines.     On  high-speed  engines  the  admission  lino 
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(Fig.  00)  is  frequently  tacking  altogether,  a  condition  which  is 
often  satisfactory .  If  the  steam  valve  opens  late  in  the  cycle 
but  still  opens  rapidly,  admission  line  B  (Fig.  89)  will  result. 
With  slow  opening  this  changes  to  the  form  of  C.  Notice, 
here,  that  the  piston  travels  outward  before  the  valve  is  well 
opened,  increasing  in  speed  as  it  progresses,  and  that  the  steam 
does  not  get  a  chance  to  build  up  the  pressure  until  the  piston 
is  well  on  in  its  stroke.  Condition,  D,  occurs  when  the  com- 
pressed steam  in  the  clearance  volume  begins  to  expand  before 
***r,7fr^  the  steam  valve  opens.     Condition 

^^.■■■—sttmm.unt  J   E  happens  seldom;    here   the  ex- 

P      N  haust  valve  closes  just  at  the  end 

■V  ,---Ki\j£%ZZ£ZL**  of  the  return  stroke  and  the  piston, 
j  V.         \s^  moving  outward,  then  expands  the 

sN      >^a  — ~~~— »     8team  in  tne  clearance  volume,  re- 

'---ftorf..™ .-/ <+■  -i.-..  -.  --  |  ducing  its  pressure  until  the  steam 
Fm  .no.— [ndioior  diagram  from  valve  opens  allowing  the  pressure 
a  hifh-.p««i  rivine.  (showing  ab-  to  build  up.  Condition  F  repre- 
sents what  happens  to  the  ad- 
mission line  when  the  steam  valve  opens  at  the  proper  time 
but  the  exhaust  valve  remains  open  too  long.  With  condition 
C,  representing  too-high  compression,  the  opening  of  the  steam 
valve  allows  the  steam  to  flow  out  of  the  cylinder  and  into  the 
steam  chest  until  this  is  again  expanded  by  the  piston  moving 
outward.  Just  as  late  admission,  C,  causes  the  admission  line 
to  slope  away  from  the  end,  so  an  early  admission  causes  it  to 
slope  backward,  as  //.  In  condition  /,  the  sharp  point  at  the 
top  is  another  indication  of  early  admission.  Decreasing  the 
lead  (see  Divs.  4  and  5)  will  usually  make  the  engine  run  more 
smoothly  and  give  a  rounded  top  as  in  A. 

106.  The  "Steam  Line"  Indicates  The  Pressure  Losses 
{LC,  Fig.  88  and  Fig.  91)  from  the  boiler  to  the  engine 
cylinder  and  depends  on  the  at  cam-flow  through  all  the 
intermediate  passages. 

Explanation. — Just  as  water  will  flow  only  from  a  higher  to  a  lower 
level,  so  will  at  cam  flow  only  when  there  exists  u  (liflVrcm-c  of  pressure 
to  cause  the  flow.  The  greater  the  velocity  of  the  steam  through  the 
passages  and  the  greater  the  internal  surface  urea,  in  the  passives,  over 
which  the  steam  must  pass  or  rub,  '  of  course,  will  he  the 


■■.mi  'if  iri.-Ni.iKil  resistance  produced  l>y  I  lie  steam  passing  through 
IW  pum&t*.  The  greater  r he  Erictionat  resistance,  the  greater  again 
inference  of  steam  pressure  lo  maintain  the  flow. 
Snw,  in  a  steam  engine,  the  steam  is  first  admitted  when  the  piston 
mhout  at  the  end  of  its  stroke  and  moving  very  slowly.  The  volume  to 
>w  filled  with  steam  is  only  the  elesirance  volume,  which  ran  he  filled 
ipucilr  and  iibubIIv  with  a  small  steam  velocity  through  the  ports, 
foil  ihe  vdocitv  of  the  piston  increases  as  it  moves  toward  mid-stroke 

ill  A-  I  In-  pi- 'nil    I, ,,, V,...  I'],, I II   I  I Till,  Sli'lim   IMU.sl 

nab  in  Uj  fill  a  rapidly  increasing  volume  and,  the  faster  the  volume 
,'"  MM  i.  pi -tun  i  ravels  i,  the  more  n«  iftly  the  -.lean I  must  flow  through 
thr  |«rt«.  Tliu»,  as  the  pi -ton  moves  si  way  from  I  he  cylinder  end,  there 
'ill  b*  a  rapidly  increasing  frictional  resistance  in  the  passages — calling, 
greater  pressure  difference  between  the  boiler  and  cylinder. 

106.  The  Ideal  Steam  Line  (BL,  Fig.  88  and  A,  Fig.  91) 

be  produced  when  the  velocity  of  the  steam  through 

ibe  pmgagea    never   becomes   great   enough    to   appreciably 


rietioiml  resistance.     This  may  occur  in  a  very  slow- 

jpne  with  large  direel    passages.     The  ideal  steam 

rv   neitrly  approached   in  most  Corliss  engines.      In 

•nginea,  the  steam  line  looks  more  like  B,  Fig.  91, 

difference  between  x  and  y  represents  the  additional 

pressure  required  to  force  the  steam  into  the  cylinder  at  the 

locity  after  the  piston  leaves  the  end.     On  engines 

wilh  large  steam  chests  flic,  steam  line  will  appear  more  as 

I '.  where  the  steam  stored  in  the  chest  is  able  to  keep 

Hire  in  the  cylinder  until  the  piston  has  moved 

ll    in   its  stroke   and   attained   a   higher  velocity. 

run   I)  represents  the  total  absence  of  a  steam  line  at 

CUt-off  liming  taken  place  as  soon  as  the  clearance 

filled  with  steam.     Diagram  E  shows  the  varia- 

i!"-ii['n]>  in  a  non-expansive  engine  as  the  speed  of 

:  piston  increases  and  again  decreases  toward  i  he  end  of  the 
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stroke.     The  same  sort  of  line  is  usual  where  an  engine  has  a 
very  late  cut-off  point. 

107.  The  Steam-Chest  Diagram  (Fig.  92),  when  combined 
with  the  cylinder  diagrams,  is  very  valuable  for  segregating 
fin-  pressure  losses  between  the  boiler  and  the  cylinder. 
The  steam-cheat  diagram  is  taken  on  an  indicator  which  is 
piped  to  the  steam  chest  and  which  is  driven  from  the  same 
reducing  mechanism  as  that  which  is  used  for  the  cylinder 
diagrams.  The  cylinder  diagrams  are  taken  on  another 
card  (or  combined,  by  tracing  the  diagram  from  one  end  onto 


Fro.  «.— Cylinder 


oar-  from  the  other  end).     The  cylinder  diagrams  and  steam- 

t«  •*  vagrant  must  be  taken  with  the  engine  operating  under  like 

i-mji-ifw.    The  card  with  the  cylinder  diagrams  is  then  cut 

:i»wrt  Ji  aie  and  pasted  on  the  steam-chest  diagram  with  the 

■ . -tvsciieric  lines  along  one  line  and  with  the  ends  of  the 

agpuaa  above  one  another  as  shown  in  Fig.  92.     The  boiler- 

■  r-sxire  "ine  is  then  drawn  on  the  card  by  hand  at  a  height 

*.«-y:r»i  :rom  the  atmospheric1  line  by  the  same  scale  as  that 

■■V  >j>nr.«  with  which  the  diagrams  were  taken, 

\.<  •views.— When  the  enmk-end  ste.mi  valve  hh-hs  (Fig.  !):>)  tlie 

.*..•     ■•     sw  steam  chcet  is  reduced.     As  the  |>ini«n  uiovea  away 

... .  ..  -..«.   sv  prwure  in  the  cheat  de  'ties  also  the  pressure 

.fc „tf(.     rp  to  cut-off,  e,  thedr  *  boiler  and  steam 

^iittvdrap  from  the  chest  erf,  bvth 


i -inn  vi'locilv  of  the  steam.     After  cut-off,  however, 

if  ■ipplied  (rum  the  boiler  only  to  fill  the  steam  chest,  and  it  builds 

■p  tbr  pressure  there  rapidly  at  lira!  (f$)  and  then  more  slowly  (a/-)  until 

:"  ii.-.  ;ij;:ii[i  iMii.-ini;  i lit-  pressure  to  drop.     Sometimes 

Ur  monicntum  of  the  steam  in  the  supply  pipe  muses  the  point  g  to 

much  higher  than  shown.     Line  gf  is  then  practically  parallel  to 

tit  boiler-pressure  line. 

N'om — Distance  be  Can  Often  Be  Decreased  ami  (he  entire  ateani- 
dwrt  diagram  flattened  out  by  equipping  an  engine  with  a  larger  supply 
Likewise,  distance  cd  can  Bometdmea  be  decreased  by  increasing, 
mount  by  which  the  valve  uncovers  the  steam  port. 

108.  The  "Expansion  Line"  In  A  Steam  Engine  Usually 

Follows  A  Hyperbolic  Curve  (CR,  ^wW 

Fig.  88  and  Fig.  93).     That  is,  the   |^NV:i7 
■    Falls  inversely  as   _■=    I     \ 
volume  increases.     If  the  vol 


I  is  doubled,  the  pressure  falls 
i  one  half  the  initial;  when  the 
volume  is  five  times  the  initial,  the 
is  otic   fifth   and   so  on. 

°3   represents   the  ex-    Fm.  93.— Hyperboiie  e.pansioa  linr 
ansion  of  one  cubic  foot  of  steam  tor«*«m, 

1  u  iriitinl  pressure  of  60  lb.  per  eq.  in.  abs.  (about  45  lb. 
gage). 

ExAM.ri.E- — Fig.  !)4  is  mi  indicator  diagram  taken  with  n  ttO-lb.  spring 
rine  which  has  a  clearance  volume  equal  to  o  per  cent,  of  the 
"-t'ln   ili-pluermerit.     From   the  point  of  cut-off  draw   the   theoretical 
I  expansion  line. 

-Since  the  length  of  the  diagram  is  3  in.,  the  clearance 

aroe  OA,  can  be  represented  as  5  per  cent  of  3  in ,  =  0.05  X  3  -  0.15 

or  Jin  '"..  oncl  hud  off  to  the  left  of  the  diagram  as  shown.     The  zero 

•Hire  line,  OZ,  can  also  be  laid  off  to  seale  below  the  atmospheric  line 

151b.  is  near  enough  (or  ntmnspherir  pre*™ re  iM'cpl  when  spring  stale 

•  ray  small).     To  construct  the  theoretical  curve  through  (',  the  point  of 

I  U,    parallel    to   the   at spheric   hue   and  line  CB 

Inr  to  it  uni'i  divide  up  BZ  into  parts  (which  may  be  of  any 

Iraglhj  BE.  SI,  I  At,  MP,  '  -i.   .  ns  shown.     K  recta  perpendicular  at  each 

1  aw   lines  from  the  points  where  these  pen  die  ulars 

III  "and  note  where  I  hey  cut  ('ft.     From  the  points 

•it  thiw«  diagonal   lines  cut   CB  draw  horizontals  again  to  cut  the 

-  !•'<:,  JK,  etc.      Tiie  rmiulH  (','.  K,  )',  cic    will  del enm 
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tUr  H*/#*tv„t  ripumtm  mrtr  *bv4  ram  iV«  l~  ihn  ibiwrii  thr 
A*  M  Muittii,  it  in  wM  U,  draw  the  pmptmSietiata  />£.  0/.  Me.  da 

(/**■(  l«-r  for  Um  firot  put  »rf  the  npiMaa  cure  dun  for  the  a 

\m-<uim>  Mw  ram;  <lr«t»  »i»r*  rapidly  »t  the «Uit . 
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109.  The  Eaptnilon  Line  May  Reveal  Leaky  Vah 
(I''1k«.  VA  ami  Ml.  With  valves  properly  seated  (Fig.  9 
the  aeliml  1'xpnitnion  curve  usually  fulls  l>elow  the  theor 
ii'iil  i»l  (he  lienituunK  »tul  rises  above  it  toward  the  et 
A  leaky  exhaust  \M  »lrtpl  valve  may  eause  the  expansi 


cw\e  u*  Iv  cvitott>  vti  tiK'  thivrvtiv*!  or 
V  lv*ty»  sUMttt  valve.  «i  ;ac  t*thvr  iUnc. 
*H>«t  1,-uive  u*  lie  »vtt  »bvw  .:k-  :;kvi 
tv«&th.  ,*V  *>'■ 
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which  might  affect  its  shape.  The  expansion  line  may  follow  the  theoret- 
ical very  closely  in  an  engine  that  has  leaky  steam  and  exhaust  valves, 
to  study  is  useful  chiefly  in  revealing  general  indications  of  trouble. 

110.  The  "  Release  "  and  "  Exhaust "  Lines  Indicate  How 
Effectively  The  Steam  Is  Taken  From  The  Cylinder  (RE  and 
EK,  Fig.  88  and  Fig.  97).  Since  they  merge  into  one  another 
they  are  difficult  to  study  separately.  The  release  line,  one 
might  say,  begins  at  the  point  of  release,  R,  and  ends  where  the 
pressure  is  decreased  to  its  minimum  value,  as  at  //,  Fig.  97. 
The  exhaust  line  (also  called  the  back-pressure  or  counter- 
pressure  line)  begins  at  H  and  ends  at  K,  the  point  of  com- 
pression, where  the  exhaust  valve  closes.  Since  the  pressure 
in  the  cylinder  during  exhaust  must,  to  produce  a  flow,  be 
more  than  that  into  which  the  cylinder  is  exhausting,  the 
exhaust  line  may  be  expected  lie  above  the  atmospheric 
(when  exhausting  to  the  atmosphere).     If  the  exhaust  pa.s- 

*  £2$  M*a,"™h  x>  E  |F  * Eff  t  of  0ver. 

htfh -Swim!  Fhmural?         totneted     ^^^ff  ^Expansion 

?-"*»  ______rrX*j;  ^hou%t  Fb>5qges^^N//V  Xbght  Lead    H 

Fia.  97. — Variations  of  release  ami  exhaust  lines. 

sages  are  short,  direct,  and  large,  the  pressure1  difference  will 
not,  A  and  B,  be  noticeable  on  the  indicator  diagram. 

As  it  is  advisable  to  have  the  pressure,  urging  the  piston 
forward,  decrease  toward  the  end  of  the  stroke*,  a  release  line 
as  at  A  is  recommended.  Of  course  the  maximum  of  work 
would  be  obtained  from  the  steam  if  it  wen*  released  along  the 
HneCff  of  A  but  this  would  result  in  condition  B  in  which  the 
loss  of  work  (shaded)  is  the  same1  as  in  A.  The  mean  between 
these  two  conditions  is  represented  in  (\  With  a  high  ter- 
minal-pressure condition  B  takes  the  shape  of  I),  due  to  the 
inability  of  the  exhausted  steam  to  escape  from  the  cylinder 
because  it  is  expanding  while  the  volume  in  the  cylinder  is 
decreasing.  The  dotted  line  in  D  shows  the  advantage*  of  the' 
*arly  release. 

Condition  E  represents  what  may  happen  te>  the  exhaust 
fine  if  the  exhaust  valve  restricts  the*  port  when  it  is  in  its 
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extreme  position  (too  much  lap);  this  condition  might 
appear  in  a  twin-cylinder  engine  where  the  cranks  are  set 
90  deg.,  the  hump  being  formed  while  the  other  cylinder 
releasing.  If  cut-off  occurs  too  early  in  the  stroke,  the  steanC* 
may  expand  to  a  pressure  below  exhaust  pressure,  F,  in  which* 
case  the  opening  of  the  exhaust  valve  allows  previously 
exhausted  steam  to  flow  back  into  the  cylinder.  As  will  b^ 
shown  (Sec.  114),  this  over-expansion  represents  a  loss  of  work~ 
Over-expansion  can  be  overcome  by  throttling  the  steam  sup^ 
ply,  thus  causing  a  later  cut-off. 

111.  The  "  Compression  Line "  Varies  Widely  In  Different 
Engines  (KB,  Fig.  88  and  Figs.  98  to  100)  depending  on  the 
valve  setting,  condition  of  the  engine,  exhaust  pressure,  and 
the  clearance  volume.  In  general,  it  should  be  the  converse  of 
the  expansion  line,  that  is,  it  should  also  be  a  hyperbolic  curve, 
the  pressure  rising  as  the  volume  within  the  cylinder  is 
decreased.  The  purpose  of  this  increased  pressure  at  the  end 
of  the  stroke  is  primarily  to  aid  in  stopping  the  piston  before 
its  reversal  in  direction  of  travel,  but  by  thus  trapping  some 
steam  in  cylinder,  the  amount  which  must  (when  the  steam 
valve  opens)  be  introduced  to  fill  the  clearance  volume  is 

materially  decreased.    To   com- 
uwky    pletely  fill  the  clearance  space, 

the  compression  line  would  have 


i 


lojoal  (LjGomprvssion 
Compres-  \  "foo  Early 
sion  Curve  \ 


Leaky 
Va\v€ 

jj  x  \5atfan)Koi       t°  ra*8e  *he  pressure  to  that  of 

$  _SsA        ^vj  \t  \p    the    steam   line   as   in   Fig.    90; 

>-**aiQ>nciithm  but>   gince   this  would  be  more 

Fio.  98.-Variation^of  the  compre«-     compression      than     is     necessary 

for  stopping  the  piston,  it  is 
recommended  that  there  should  be  just  enough  compression 
to  produce  smooth  running  of  the  engine. 

Usually  this  condition  is  brought  about  when  the  compres- 
sion curve  merges  with  the  admission  line  at  about  %  the 
height  of  the  diagram  (A,  Fig.  98).  In  automatic  engines  the 
compression  depends  upon  the  load  and  at  light  loads  fre- 
quently becomes  excessive  as  at  B.  Condition  C  may  be 
caused  by  the  condensation  of  the  cushion  steam  on  the  cool 
walls  of  the  clearance  space,  but  it  is  more  likely  to  be  the 
result  of  a  leaky  exhaust  or  drip  vab  as  the  movement 
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\  of  the  piston  becomes  slower  and  the  pressure  higher,  the 
11  escapes  as  fast  as  the  moving  piston  tends  to  compress 
it.  Cooclition  D  shows  how,  with  a  leaky  piston,  the  eompres- 
curve  is  above  the  hyperbolic  (due  to  steam  leaking  in 
from  the  other  end)  up  to  point  o,  where  release  occurs  at  the 
other  end,  falling  then  from  a  to  b,  while  leakage  takes  place 
to  the  other  side  of  the  piston. 

Son.— Fio.  99  Shows  The  Effect  On  Compkeshion  Of  Different 
Eiuust  Pressures  in  the  same  engine.  It  is  evident  that  the  pressure 
«  ft eaa  01  compression  increases  in  direct  proportion  to  the  exhaust 


i-k- 


pressure.  That  is,  if  the  exhaust  pressure  (absolute)  is  doubled  the 
compression  pressure  is  also  doubled,  mid  so  cm.  Fig.  100  shows  how  the 
compreasure  pressure  varies,  with  the  same  setting,  on  engines  with 
different  clearances.  It  is  evident  from  Fig.  100  thai  if  the  clearance 
tolume  is  equal  to  the  portion  of  the  return  stroke  which  is  uncompleted 
when  the  exhaust  valves  closes,  the  compression  pressure  will  be  twice 
the  absolute  exhaust  pressure.  If  the  clearance  were  but  half  as  great, 
everything  elae  remaining  equal,  the  compression  pressure  would  be 
3  times  the  exhaust  pressure.  From  (his  it  is  evident  that  in  engines 
with  very  small  clearance  volumes  the  exhaust  valve  must  close  late  in 
the  stroke  or  a  high  compression  pressure  will  result. 

112.  Examples  Of  Indicator  Diagrams  Revealing 
lie  included  here  to  better  familiarize  the  reader  with 
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their      flj 

all 
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analysis.  Methods  of  correcting  faulty  valve-settings  will  L>*-- 
discussed  in  Divs.  4  and  5.  Methods  of  correcting  mechan- 
ical faults  will  be  treated  in  Div.  13. 

Example.— Fig.  101  is  a  card  taken  from  a  simple,  high-speed  engi™*?- 
Thc  sloping  admission  lines  at  a  and  c  show  late  admission.  Cut-oC 
in  the  head  end  at  6  shows  a  lower  pressure  than  in  the  crank  end  at  «J- 
This,  together  with  the  earlier  cutoff  at  b,  indicates  that  the  port  is  no  * 
well  uncovered  at  the  head  end  to  allow  the  steam  to  enter.     Although1 


• 

Lnd    ^SsL^j^D™Ln 

' 

Fkj.    101.— El* 


release,  r,  is  not  too  late,  it  could  well  be  advanced  a  little.  At  /  the 
uncompleted  portion  of  the  return  stroke  is  about  twice  that  at  q. 
Although  g  occurs  too  early,  /  is  even  worse  in  this  respect.  This  may 
account  for  the  curving-off  of  the  compression  line  at  e  due  to  cylinder 
condensation  at  the  high  pressure. 

Example. — Fig.  102  is  a  card  taken  from  a  simple  Corliss  engine.  Late 
admission  is  again  shown  at  a  and  b.  The  sloping  steam  line  toward  c 
shows  only  partial  valve  opening.  Late  release  is  shown  at  e  and  /, 
Compression  lakes  place  a  little  late  at  g,  whereas  it  is  satisfactory  at  A. 

Example. — Fig.  103  shows  diagrams 
which  are  satisfactory  except  for  the 
compression  curve  at  a.  An  effort 
has  been  made  here  to  obtain 
compression  by  closing  the  exhaust 
valve  early  in  the  return  stroke  but 
the  steam  leaks  out  as  the  pressure  is 
raised.  Since  the  pressure  at  a  is  less 
than  at  c,  the  leak  is  not  at  the 
i  and  must  be  at  the  exhaust  valve  or  drain  cock. 

113.  In  Determining  The  Horse  Power  Or  Steam  Consump- 
tion Of  An  Engine  The  "Mean  Effective  Pressure"  Must  Be 
Known,  for  reasons  which  will  be  explained.  But  first  the 
methods  of  finding  mean  effective  pressure  will  be  discussed. 

114.  In  Finding  The  Mean  Effective  Pressure  By  The 
Method  Of  Ordinate*  (Figs.  104  to  100)  the  length  of  the  dia- 
gram is  divided  into  ten  equal  ■  i  perpendiculars  are 
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erected  at  the  middle  point  of  each  division.  The  length  of 
each  perpendicular  is  measured  or  the  pressure  which  it  repre- 
sents is  found  by  a  scale  corresponding  to  the  spring  number. 
The  average  height  or  average  pressure  is  then  found  as 
explained  below.    The  use  of  lengths  is  better  than  that  of 


Inf. carer  Card-* 

FlO.    104.— Finrlinn  J>_  by  the  method  of  o. 


pressures  because  it  permits  of  correction  for  the  true  spring 
scale  (Sec.  94). 

Example. — Fig.  104  illustrates  the  method  of  measuring  the  pressure 


[respond  to  those  of  indicator 
lufacturers.)     The  length  of  each 


along  each  perpendicular.  (Scales 
springs  can  be  had  from  indicator  n 
perpendicular  is  measured  and  written 
at  its  foot;  for  example,  with  a  50 
scale,  the  length  of  ab  is  87.  The  ten 
pressures  are  then  added  and  the  sum 
divided  by  ten.  The  result  is  the 
"mean  effective  pressure"  which  in 
Fig.  104  is  42.45  lb.  per  »q.  in. 

Note. — A  Convenient  Way  To 
Erect  The  Ten  Perpendiculars 
(Fig.  105)  is  to  first  draw  vertical 
lines  AC  and  BD  at  the  ends  of  the 

diagram,  then  lay  a  ruler  with  the  zero  and  5-in.  marks  on  these  lines  mid 
place  a  dot  at  each  J.^-  and  %-inch  mark  as  shown,  and  later  erect 
perpendiculars  through  each  dot  as  indicated. 

Example. — Fig.  106  shows  a  convenient  method  of  adding  the  lengths 
of  the  perpendiculars  on  the  edge  of  a  strip  of  paper.  The  paper  is  placed 
in  position  /,  with  its  edge  along  the  first  perpendicular  and  with  its 


w/>.hytl 
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corner  at  the  lower  end  of  the  perpendicular,  and  a  mark,  1,  is  made  an 
the  paper  at  the  upper  end  of  the  perpendicular.  This  mark  is  then 
placed  (Position  II)  at  the  lower  end  of  the  second  perpendicular  and 
mark  2  is  made  at  the  upper  end.    This  is  continued  until  the  ten 


perpendiculars  have  been  laid  off.  The  length  of  the  strip  of  paper  from 
its  end  to  mark  10  is  then  the  sum  of  the  lengths  of  the  perpendicular*, 
which  can  be  divided  by  10  to  get  the  average  length.    The  average 


UkM  iilnt-c  by  dm  method  of  or 
length    multiplied  by  the  "true  scale"  of  the  indicator  spring  gives  the 
mean  effective  pressure. 

Note. — In  Casks  Of  Over-Ex pansion  (Fig.  107)  after  point  a  is 
passed,  the  forward  pressure  on  the  piston  is  less  than  the  back 
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in:  rtrafce.     This  mcana  that,  instead  of  being  Forced  forward 

ilit  piston  isnetuall)'  iloinK  work  on  the  Steam  in  expanding 
therefore,  represents  work  lost  during  that  portion  of  the 
i  pressures  of  the  loop  must  be  sulitracteil  from  those 
main  portion,     Adding  ordinate  pressures  for  Fig.   107,  the  turn 

U itfl  portion  =  97  +  93  +  4t  +  20  +  6  =  257  lb. 

The  sum  of  the  pressures  in  the  loop  =  3  +  9  +  13  +  15  + 

=  52  tb.  per  nq.  in.     The  difference  =  257  -  52  -  205  lb.  per  sq.  in. 

■<iagc  or  mean  effective  pressure  -  205  -^  10  =  20.5  lb.  per 


115.  The  Planimeter  Affords  A  More  Accurate  Means  For 
Finding  The  Mean  Effective  Pressure  than  docs  the  method  of 


Generally  speaking,  a  planimeter  is  an  instrument 

Mm  area  of  any  closed  figure.     In  some  of  its  forms 

;:  Uabke  one  to  find  directly  the  average  height  of  an  indi- 

■  veil  the  mean  effective  pressure. 

116.  The  Amsler  Polar  Planimeter  (Fig.  108)  is  one  of  the 

-I  simple  arid  enables  one  to  find  the  area  enclosed  l>y  I  lie 

indicator   diagram    l>y  guiding  the  tracer   point,    T,  around 
'he  diagram  in  a  clockwise  direction-     The  planimeter  mi  asures 
in  square  inches. 

UTIUV — The  iiiiliciitor  curd  slum  Lit  lie  fastened  with  Ihlllllli  tl 

i  nd  un  -a  piece  of  drawing  paper  or  Bristol  board  whict 
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is  large  enough  to  include  the  card  and  the  plani  meter  in  every  position  it 
will  take.    The  fixed  point,  P,  should  be  so  placed  that  the  planimeter 
armii  will  not  be  closed  when  T  is  nearest  to  P  and  that  the  arms  will  not 
open  too  nearly  into  a  straight  line  when  in  their  maximum  position 
(Fig.  108  shows  a  good  position).    The  point,  T,  is  then  placed  at  some 
point  on  the  diagram  and  a  slight  pressure  applied  to  it  so  as  to  make  a 
depression  in  the  card  at  that  point.    The  reading  of  the  wheel,  W,  and 
the  vernier  is  then  recorded.    The  point,  7\  is  then  guided  carefully 
around  the  diagram  in  the  clockwise  direction,  as  shown,  until  the 
depression  is  again  reached.     Another  reading  of  the  wheel  and  vernier  is 
taken.    The  difference  between  the  two  readings  will  be  the  area  of  the 
diagram.    The  length  of  the  diagram  is  then  measured  between  perpen- 
diculars erected  at  the  ends  (AC  and  BD,  Fig.  105).    The  area  of  the 
diagram  divided  by  its  length  gives  its  mean  height.     The  product  of  the 
mean  height  and  the  true  scale  of  the  indicator  spring  is  the  mean  effective 
pressure. 
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Km.   10t>.  —  Diagrammatic   illustration   of   polar   planirurter   with  adjustable  arm   for 

tindinjt  moan  height  of  i  ml  ion  tor  diagram*. 

Notk.  -Whknkykk  Thk  Diaiskam  Is  So  Low  Ox  The  Card  That  The 
Wiikki.  Muarr  Cross  Thk  Kihsk  Ok  Thk  Card,  the  card  should  be 
inverted  into  tho  position  shown  dotted  in  Fig.  10S. 

Kx  vmim.k.  An  indicator  diagram,  taken  with  a  00-lb.  spring,  is  found 
by  pUutimetering  to  have  area  of  l.oo  sq.  in.  and  is  31*  in.  long.  What 
is  the  mean  effective  pressure?  Soi.iTioN.---Affi'i  t*<vti"e  pressure  — 
vl.Oo  +  ;*V  \  tU>  =•  *.Vtt.  persq.  i.i 

117.  Polar   Planimeters    With    Adjustable    Tracer    Arms 

vFig.  UW  are  lurking  pl<t>:'»ut<"<;  i\\:\x  i<  :\uy  have  the 
advantage  that  they  will  ineasuiv  the  :i\»r;^  »*r  m»  an  height 
of  a  diagram  dirtctly  on  the  wheel  a:ut  \cr*.ier  usually  in 
fortieths  of  an  ineh\     To  actvmpKsh  \h*<  *W  tracer  arm.  A. 
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■  ■■-  in  '>r  out  through  //.  must  bo  so  set  that  the  di*- 
'ii   U  and  N  is  equal  to  the  length  of  the  indicator 

1        118.  The  Coffin  PUnimeter  Is  Also  An  Averaging  Instru- 
f     mentir'ig.  lid).     The  indicator 
ls  placed  with  its  atmos- 
potru  Urn-  along   the   horizontal 

■  li|i.  K,  and  end-  al -I  touching 

■  i   and    movable   vertical 

I    ..ml  ft     ll  is  then  plani- 

U    with     the    Ameler 

leter,     If     the    start    and 

Ii:ii>li  [mini   i-  selected  at  the  ex - 

(km  right  of  i  he   diagram  (G, 

ViR.  110),  the  final  reading  of  the 

wheel  and    vernier  need  not  be 

taken.    The  tracer  point  can  be 

Oovw)   up    vertically   along   the 

movable  clip.  S,  with  the  operator 

bk    eye  on  the  vernier 

ig  of  the  wheel  is 

I-   before  tracing  the  diagram.     Assume  that  this 

«*dilion  obtains  when  the  tracer  point  reaches  //.     Then  the 

*: 


iln, till,  is  the  mean  height  of  the  diagrn 


£T*W 


If  the  -<\'de. 


tpfa  forma  [he  vini.'  clip,  i~  1 1"'  same  as  the  number  of 

Ki  I'o  !>'■  -'■!  at  (,',  the  mean  effect  i 
|n  :■  square  inch  cji  n  he  ri-iul  oil  direelb,  it  I  //. 
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119.  The  Willis  Pfamnneter  (Fig.  Ill)  has  a  wheel,  W,  which 
moves  longitudinally  along  its  axis.  XY,  a  distance  propor- 
tional to  the  area  circumscribed  by  its  tracer  point,  T.  The 
movement  of  the  wheel  will  give  the  mean  effective  pressure 
directly,  if  the  length  of  the  tracer  arm,  A,  is  equal  to  the 
length  of  the  diagram,  and  if  scale,  S,  is  of  the  same  number  as 
that  of  the  indicator  spring. 

120.  In  Computing  Horse  Power  From  Indicator  Diagrams, 
there  are  briefly  four  steps:  (1)  Find  the  horse  power  constants, 
k,  for  1  lb.  mean  effective  pressure  and  1  r.p.m.,  for  each  end  of 
each  cylinder.  (2)  Find  the  mean  effective  pressures  from  indi- 
cator cards,  for  each  end  again.  (3)  Find  horse  power  for  each 
end.     (4)  Find  total  horse  power  of  engine. 

The  theory  of  the  computation  of  indicated  horse  power 
from  indicator  diagrams  is  treated  in  Sec.  18.  As  developed 
there: 

(12)  Pikp  =   _^(joo~  (horse  power) 

Wherein: — P»ap  =  indicated  horse  power  developed  in  one  end 
of  the  cylinder.  Pm  —  mean  effective  pressure,  in  pounds 
per  square  inch.  LJ9  =  length  of  stroke,  in  feet.  Aip  =  area 
of  piston,  exclusive  of  rod,  if  rod  extends  through  the  head,  in 
square  inches.  N  =  speed  of  engine  shaft,  in  revolutions  per 
minute. 

121.  The  Horse-Power  Constant,  k,  is  made  up  of  the  terms 
that  cannot  change  in  For.  (12).  These  are  evidently  LSt1 
Aip,  and  the  denominator  (33,000).  Pm  and  N  will  depend 
upon  operating  conditions — load,  steam  pressure,  etc.  If  the 
latter  are  each  taken  equal  to  one,  For.  (12)  becomes 

LA 

(13)  Pihp  =  oo'aqa  =  &       (horse  power  constant) 

Wherein:  fc  is  the  horse  power  constant  for  a  certain  end  of  an 
engine  cylinder  =  h.p.  for  1  lb.  mean  effective  pressure  and 
1  r.p.m. 

Example. — An  engine  has  a  stroke  of  30  in.,  a  piston  18  in.  in  diameter, 
and  a  2^8  in.  diam.  piston  rod.  What  are  its  horse  power  constants? 
Solution. — For  head  end  of  cylinder:  Aip  =  18  X  18  X  0.7854  = 
254.5  sq.  in.;  L/.  -  2.5  ft.;  fc  =  2.5Xor'"  'n*  000  =  0.Q193  =  1/51.8. 
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For  crank  end  of  cylinder:    AiP  —  254.5  —  (area  of  piston  rod)  =  254.5  — 
3.547  -  251    sq.    in.;    kt  -  2.5  X  251/33,000  =  0.019  -  1/52.6. 

Note. — To  avoid  the  use  of  decimal  fractions,  it  is  convenient  to  use 
the  horse  power  constant  expressed  as  a  fraction  whose  numerator  is  one. 

122.  Methods  Of  Finding  The  Mean  Effective  Pressure, 
Pm9  Have  Already  Been  Given,  Sees.  114  to  119.  It  may  be 
well  here  to  lay  down  two  rules  for  use  when  Pm  is  not  found 
directly. 

(14)  P-  = 

area  of  diagram  in  sq.  in.  X  scale  of  spring  in  lb.  per  in. 

length  of  diagram  in  inches 

(lb.  per  sq.  in.) 
Or: 

(15)  P.= 

mean  height  of  diagram  in  in.  X  scale  of  spring  in  lb.  per  in. 

(lb.  per  sq.  in.) 

123.  To  Find  The  Horse  Power  For  Each  End  Of  One 
Cylinder  one  needs  only  to  multiply  the  horse  power  constant 
by  the  mean  effective  pressure  for  that  end  and  by  the  speed. 

Or: 

(16)  Pihp  =  PmNk  (horse  power) 

Example. — In  the  engine  of  the  example  of  Sec.  121,  if  Pm  for  the  head 
end  were  49  lb.  per  sq.  in.,  for  the  crank  end  53  lb.  per  sq.  in.,  and  if 
N  **  105  r.p.m.y  what  horse  power  is  developed  in  each  end?  Solu- 
tion.— For  head  end,  substituting  in  For.  (16),  P,-*,  =  PmNkx  -  49  X 
105  X  0.0193  or  49  X  105  +  51.8  =  99.3  h.p.  For  crank  end,  PaP  = 
Pm  N  X  kt  =  53  X  105  X  0.019    or    53  X  105  -5-  52.6  «  105.8    h.p. 

124.  The  Horse  Power  As  Computed  From  The  Indicator 
Diagrams  Is  Called  The  Indicated  Horse  Power  and  repre- 
sents the  power  actually  developed  by  the  steam  within  the 
engine  cylinder  (Sec.  11).  Since  some  portion  of  this  power  is 
lost  by  friction  within  the  engine,  as  at  the  several  bearings  and 
sliding  members,  all  of  it  cannot  be  realized  from  the  engines 
for  further  work. 

126.  "Friction  Horse  Power"  Is  That  Part  Of  The  Indi- 
cated Horse  Power  Which  Is  Lost  Within  The  Engine  Itself 
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(See.  1 1).  With  a  given  engine,  the  magnitude  of  the  friction 
horse  power  depends  upon  the  load  and  the  steam  pressure  hut 
ehangeH  only  slightly  under  the  varying  conditions.  If  the 
engine  is  unbelted  or  uncoupled  from  all  its  load,  then  all  the 
power  developed  by  the  steam  (indicated  horse  power) 
becomes  friction  horse  power. 

126.  The  Brake  Horse  Power  Is  The  Power  That  The 
Engine  Delivers,  at  its  shaft,  or  pulley  to  some  other  machine 
(Sec.  11).  It  is,  of  course,  less  than  the  indicated  horse 
power  by  the  amount  of  the  friction  horse  power.  Where  an 
engine  is  driving  an  electric  generator  the  efficiency  of  which  is 
known  (and  in  certain  other  cases,  see  Div.  12)  the  brake 
horse  power  can  be  determined  separately. 

127.  The  Brake  Horse  Power  Is  Computed  From  Indicator 
Diagrams,  indirectly,  whenever  it  cannot  otherwise  be  found; 
see  Div.  12.  Thus,  the  indicated  horse  power  may  be  com- 
puted from  the  indicator  diagrams  directly.  Then  if  the 
friction  horse  power  is  subtracted  from  the  indicated  horse 
power,     the    brake    horse    power    will    result.     That    is — 

17)     Brake  h.p.  = 

Indicated  h.p.  —  Friction  h.p.     (horse  power) 

V;te. — Manufaoturkrs  Of  Engines  Which  Ake  Tested  Before 
'a£.vt3*g  The  Factory  Can  Give  The  FrictioxV  Horse  Power  Of 
^ibxb.  Engines  At  Different  Loads.     This  information  is  often  very 
:uuatfitt  when  tests  are  to  be  made  or  performance  guarantees  verified. 


Weight  Of  Steam  Used  By  An  Engine  Can  Be 

Qjunmnri  from  the  volume  of  the  cylinder,  the  number  of 

.tm>   r  "^  filled  in  a  certain  time  and  the  weight  of  a  unit 

«»iium'  »f  >ceam  at  the  pressure  at  which  the  cylinder  is  filled. 

■   xit \-*m  ww  a  perfect  gas  (see  Practical  Heat)  or  a  liquid, 

iW       ru'»v  wvrp  no  leakage  either  at  the  piston  or  the  valves, 

.*.i    ..     imputation  would   be   reasonably   accurate.     But, 

.uv    ^»\*m    s  a  vapor  continually  changing  in  the  engine 

.  :i«,i-i     s'mi*  of  it)  either  from  the  liquid  to  the  vapor  or 

%•.»    .u   n  .-i|vr  :o  the  liquid  state,  and,  since  leakage  is  quite 

.  ....;.* «...    in-  -•au-uUfcted  weight  of  steam  used  is  never  equal 

,     ;u    .v  ii,,4i.   vmfc  usually  less  b'  steam  is  partially 

■.-.■...  ..-.si, #     n*i\iv   the  cylinder.  it-ion   is  of  use, 
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however,  for  comparison  purposes  and  as  a  measure  of  the 
ideal  minimum  amount  of  steam  which  could  be  used  by  ar 
engine  under  the  conditions. 

129.  The  Weight  Of  Steam  Used  By  An  Engine  With  Nc 
Clearance  (Fig.  1 12)  can  l>e  found  by  the  following  formula,  1  he 
derivation  appearing  below : 

(18)  W„  =  1-3,7-2  D'P~'  (lb.  per  i.h.p.hr.; 

Wherein:  W,*  =  weight  of  steam  used  by  one  end  of  ar 
engine,  in  pounds  per  indicated  horse  power  hour.  D'p,  = 
density  of  steam  at  a  selected  point  on  the  expansion  line 
in  pounds  per  cubic  foot,  x,  =  fraction  of  stroke  completer 
(Fig.  112)  at  that  point.  Pm  =  mean  effective  pressure,  ii 
pounds  per  square  inch. 

Demvation. — The  volume  of  the  cylinder  is  ,4  ,-,,/,#/./ 144  eu.  ft.  (*!,„  = 
•rea  of  piston  in  square  inches.  L/, 
■  length  of  stroke  in  feet.)  It  is 
filled  *V  (r.p.m.)  times  per  minute  or 
60  A'  times  per  hour.  The  total  vol- 
ume to  be  filled  per  hour  is  then  (>() 
'V.4ijL/t/144  cu.  ft.  If  release  occurs 
At  <t  the  end  of  the  stroke,  where  the 
Pleasure  is  P«  and  the  density  is  DP, 
lb.  per  cu.  ft.,  the  weight  of  steam 
used  per  hour  is  then  60  iVApL/./W  144 
lb.  As  the  engineer  usually  wants  to 
know  the  weight  of  steam  used  per 
indicated  horse  power  per  hour  (Wt*)  and  as  the  indicated  horse  powc 
of  the  engine  is  by  For.  (12)  PWL/^PA733,000,  it  follows  that: 

weight  _ used  per  ho  u  r  _  (50  X  A ,  PL/J)y/,  / 144 

home  power  ~  PmLf,AiPS ,  .S3, 000 

60  NAipL/J)P*  33,000       13.750  />,,. 

U4PmL/,AiPX  Pm 

Since  at  any  other  point,  6  (Fig.  1 12),  after  cut-off,  the  weight  of  .stean 

within  the  engine  cylinder  must  he  the  same  as  at  <l,  it  would  be  possibb 

to  go  through  the  same  reasoning  for  any  point  and  get  the  same  result 

The  volume  filled  each  stroke  would  he  only  a  fraction,  j\  (Fig.  112)  o 

the  total;  but  the  pressure  being  /"<,,  the  density  would  he  //,,..     \Y< 

would  get: 

13,750  //p,j\ 


'•\-G//- Off  Point 
h~C/earance 


•'Expansion  Linw 


Zero  Pressure  Line 4        y 


Fig.  1 12. — Theoretical  riiugruin  fron 
an  engine  with  110  clearance. 


(19) 


W„ 


(lb.  per  i.h.p.  lir. 


(20) 


W,*  = 


Pm 


(lb.  per  i.h.p.  hr. 


which  is  the  same  as  For.  (18). 
Nora. — Wik  ii  computed  separately  for  eaeh  end  of  the  ryliP'1"*' 
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130.  The  Weight  Of  Steam  Used  By  Any  Simple  Engine 
Can  Be  Computed  From  The  Indicator  Diagrams  by  th*e 

following  formula,  the  derivation  of  which  follows: 

(21)     W,  =  -^  [(*.  +  xe)D'„  -  (*'.  +  xe)D"^ 

(lb.  per  i.h.p.  hr.} 

Wherein :  xc  =  clearance  volume  expressed  as  a  fraction  of  the 
piston  displacement.    x\  =  fraction  of  return  stroke  uncom- 
pleted at  a  chosen  point  on  the  compression  curve.     D"^  = 
density  of  steam  at  that  point  in  pounds  per  cubic  foot.    The 
other  symbols  the  same  as  in  For.  (18). 


Scale  of  Spring  ■  40 
Pm  •  415  Lkx  P*r  Sq.  In. 


tix*JlUb>J*rS+  /n 


U''Zero  Pressttrt  lint 


Indicator  Caret-* 

Fio.  113. — Indicator  diagram  from  a  simple  engine.     (Calculation  of  steam 

consumption,) 

Derivation. — Referring  to  Fig.  113,  the  diagram  being  from  an  engine 
having  a  clearance  volume  of  5  per  cent,  of  the  piston  displacement,  the 
volume  in  the  cylinder  at  b  is  (x,  +  xc)i4ipL/./144.  Proceeding  aa  in  the 
preceding  section  the  result  would  be,  if  this  volume  were  filled  every 
revolution — 

,oon  t*t>         13,750  D'p*(x.  +  xe)  ,  „  . ,       .    x 

(22)  Win  =  — p (gross,  lb.  per  i.h.p.  hr.) 

But,  since  some  steam  is  trapped  in  the  cylinder  at  k,  when  the  exhaust 
valve  closes,  all  the  steam  necessary  to  fill  the  volume  at  &  and  at  a 
pressure  P'a  will  not  have  been  admitted  every  revolution.  It  is  possible 
likewise  to  find  the  weight  not  rejected  by  taking  some  point,  /,  on  the 
compression  line  and  applying  to  it  the  same  reasoning.  The  result 
would  be: 

(23)  W"«  =  13>7g0  *>">■(*+*'•>       (unrejected,  lb  per  i.h.p.  hr.) 

*  m 

Wherein:  x't  =  uncompleted  fraction  of  stroke  at/.    !>",*  =  density  of 


pp  [(*-  +  xe)D,p*  "  (x'' +  *e)D""]     (lh- per ihp- hr) 


T»l 
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stem  it/,  in  pounds  per  cubic  foot.     The  net  weight  of  steam  required 
wiO,  of  cause,  be  the  difference  between  W'a  and  W"a,  which  is 
m  w       «         w»  13'750  *>'».(*.  +  *«>       ISJSODVCr'.  +*,) 

13, 
P, 
which  is  the  same  as  For.  (21). 

Now.— The  Points,  b  and  /,  Are  Best  Chosen  Near  The  Lower 
Exm  of  their  respective  lines,  because  there  the  quality  of  the  steam 
« ipt  to  be  highest  (during  expansion,  the  quality  increases;  during 
I     compression,  it  decreases)  and  errors  due  to  moisture  in  the  steam  will  be 

I      mmimiifd. 

r        Example. — Fig.  113  represents  a  diagram,  showing,  with  a   40-lb. 

sprint;,  a  mean  effective  pressure  of  47.5  lb.  per  sq.  in.     How  much  steam 
I      is  accounted  for  by  the  diagram?    Solution. — The  whole  length  of  the 

diagram  is  4  in.  x,  *  3.5  in./4'  in.  =  0.875.     xe  =  5  per  cent.  =  0.05. 

*'.  -  0.4  in./4  in.  -  0.10.     P'«  -  32  lb.  per  sq.  in.  abs:  and  P".  =  19  lb. 

per  sq.  in.  abs.     From  steam  tables,  D'p,  =  0.077,3  and  D"^  =  0.047,46 

lb.  per  cu.  ft.     Substitution  in  For.  (21)  gives, 

W.a  -  -^  [(*.  +  *e)DV.  -  (x'.  +  xc)D'p.]  =  -|£*-  [(0.087,5  + 

0.05)0.077,3  -  (0.10  +  0.05)0.047,4o] 

-  289.51(0.925  X  0.077,3)  -  (0.15  X  0.047,46)]  =  289.5(0.071,5  - 

0.007,1) 

-  289.5  X  0.064,4  -  18.65  lb.  per  i.h.p.  hr. 

131.  To  Find  The  Total  Steam  Used  By  An  Engine  Per 
Hour  multiply  the  weight  used  per  indicated  horse  power 
per  hour  for  head  and  crank  end  each  by  the  indicated  horse 
power  developed  by  the  steam  in  that  end  and  add  together 
these  two  products. 

Example. — An  engine  shows,  at  the  head  end,  40.5  i.h.p.  and  20.2  lb. 
per  i.h.p.  hr.;  at  the  crank  end,  38.8  i.h.p.  and  20.6  lb.  per  i.h.p.  hr.  What 
is  its  total  steam  rate?  Solution. — The  head  end  uses  40.5  X  20.2  = 
818  lb.  per  hr.  The  crank  end  uses  38.8  X  20.6  =  799  to.  per  hr.  The 
engine,  therefore,  uses  818  +  799  =  1617  lb.  per  hr. 

132.  More  Specific  Uses  Of  Indicators  And  Indicator 
Diagrams  As  Applied  To  Compound  Engines  will  be  treated 
in  Div.  8. 

QUESTIONS  ON  DIVISION  3 

1.  What  is  a  steam-engine  indicator? 

a.  What  uses  can  be  made  of  the  indicator  diagram  ? 

a.  What  determines  whether  a  pencil  mechanism  is  satisfactory  or  not? 

4L  When  should  an  outside  sprint  indicator  be  used? 

0 
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5.  Why  must  n  reducing  motion  be  used  in  connection  with  an  indicator? 

6.  What  id  a  bruinbo  pulley  and  where  is  it  used? 

7.  What  is  a  pantograph? 

8.  What  must  be  the  direction  of  the  drum  cord  leading  from  a  pantograph? 

9.  What  is  the  principle  of  the  reducing  wheel? 

10.  What  precautions  muat  be  taken  to  avoid  distortions  of  the  diagram  when  ustaft 
reducing  wheels? 

11.  What  are  the  limitations  of  the  inclined-plane  reducing  mechanism? 
11.  What  two  tests  will  show  up  a  faulty  indicator  reducing  mechanism? 
IS.  How  should  a  cylinder  be  piped  for  indicators? 

14.  Why  must  indicator  cocks  have  a  relief  passage? 

15.  Why  is  it  better  to  use  two  indicators  on  a  cylinder  than  only  one? 

16.  What  is  meant  by  the  "number"  of  an  indicator  spring? 

17.  Why  must  indicator  springs  be  tested? 

18.  How  can  indicator  springs  be  tested? 

19.  What  results  from  using  too  light  an  indicator  spring? 

80.  What  results  from  using  too  heavy  an  indicator  spring? 

81.  What  are  the  steps  in  assembling  an  indicator? 
88.  What  kind  of  paper  should  be  used  on  indicators? 
88.  What  sort  of  pencil  should  be  used  in  an  indicator? 

84.  What  does  an  atmospheric  line  show? 

85.  What  arc  the  steps  in  taking  an  indicator  diagram? 

86.  What  "lines"  comprise  an  indicator  diagram 

87.  What  influences  the  appearance  of  the  admission  line? 

88.  What  causes  variations  in  the  steam  line? 

89.  What  is  a  steam-chest  diagram  and  what  does  it  show? 

80.  What  may  the  expansion  line  reveal? 

81.  What  form  should  the  expansion  line  have  if  an  engine  is  in  good  order? 
88.  What  do  the  release  and  exhaust  lines  indicate? 

88.  What  defects  in  an  engine  may  the  compression  line  reveal? 

84.  On  what  does  the  compression  pressure  depend? 

85.  How  can  the  mean  effective  pressure  be  found  without  a  planimeter? 

86.  How  is  the  mean  effective  pressure  found  with  a  planimeter? 

87.  What  are  averaging  planimeters? 

88.  What  are  the  horse  power  constants  of  an  engine? 

89.  What  are  indicated,  brake,  and  friction  horse  power? 

40.  What  is  the  basis  of  determining  steam  consumption  from  indicator  cards? 

41.  Why  cannot  the  weight  of  steam  used  by  an  engine  be  accurately  determined 
from  indicator  cards? 

PROBLEMS  ON  DIVISION  8 

1.  With  the  pendulum  lever  mechanism  shown  in  Fig.  114,  what  length  diagram  will 

result?     What  must  be  the  radius  of  a  brumbo  pulley  on 
this  lover  to  give  a  diagram  3-in.  long? 
^sPfumCord  -x  8.   What   length   of   indicator  diagram  will  be  produced 

by  the  reducing-wheel  mechanism  shown  in  Fig.  115? 
-  '  |  8.  By  the  method  of  ordinates  find  the  mean  height  of 

ki    JjQ I      "T  *     .'-  '  I   1      tn<"  diagrams  »hown  in  Fig.  1 16. 

^  •  -         ••--Vj  (  4.  If   the   diagrams  of  Fig.  llfi  were  taken  with  a  60-lb. 

7-11  ln.5+rcke- *\        -J     spring  what  are  the  mean  effective  pressures  shown? 

Fio.     114. (l)    What         *•  ^'l<*  <l>aKr:*»>**  «f  Pi*-  1  lfi  *re  from  an  engine  havings 

length  will  the  diagram  s*r°ke  °f  l"'  •"•:  a  cylinder  12  in  in  diam.;  and  a  piston 
be?  (2)  What  radius  for  ro<'  ^'2  *n-  'n  diam.  If  it  runs  at  220  r.p.m.,  what  bits 
brumbo  pulicy?  horiW?  power? 

6.  If  the  clearance  at  each  end  of  the  engine  of  Prob.  5 
is  15  per  cent,  of  the  piston  displacement,  construct  the  theoretical  expansion  curves 
beginning  at  points  V  and  D.  From  points  A'  and  }',  construct  the  theoretical  com- 
pression curves. 
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Fio.  MB.— Find  th-  wu  hri.hi  of  rod,  diagram. 

Iir  totkl  ■Li.ni  ii.nl  |i<  r  Ijuui   by  uliuvi'  miginr 
Trw  nit  tlir  liiasiemB  i.l  Ml.  i  It)  nt"l  nii'uaiin   ■  ■ 

•b  dttetiv*  prcHutiT     L' i inn-  tliv  rt»ult»  »i[h  ilum*  u[ 


DIVISION  4 
SLIDE  VALVES  AND  THEIR  SETTING 

133.  Slide  Valves  Are  Employed  In  Steam  Engines  Where 
Simplicity  And  Low  Price  Are  More  Important  than  the  actual 
economy  of  the  engine  in  its  use  of  steam.  Slide-valve 
engines  employ  but  one  valve  per  cylinder  and  a  compara- 
tively simple  valve-operating  mechanism,  whereas  engines  of 
greater  refinement  generally  employ  a  number  of  valves  per 
cylinder  (see  Div.  5)  and  require  a  more  complex  mechanism 
for  operating  the  valves.  The  scope  of  this  division  is  to 
discuss: 

(1)  How  slide  valves  function.  (2)  Terms  appertaining  to 
slide  valves  and  their  operating  mechanisms.  (3)  The  advan- 
tages and  disadvantages  of  slide  valves  of  various  types.  (4) 
Methods  of  adjusting  slide-valve  operating  mechanisms.  These 
adjustments  are  commonly  known  as  "  valve  setting." 

134.  "Valve  Diagrams,"  (Bilgram,  Zeuner,  Reuleaux)  And 
"The  Valve  Ellipse"  are  names  given  to  graphical  methods  for 
proportioning  engine  valves  and  valve  mechanisms.  These 
diagrams  are  useful  chiefly  in  engine  designing,  which  is 
beyond  the  scope  of  this  book.  A  treatment  of  these  graphical 
methods  is  not  given  herein  because  they  are  of  little  value  to 
the  practical  operating  man.  For  a  discussion  of  valve  .dia- 
grams see  Valve  Gears  by  C.  H.  Fessenden,  or  The  Design 
And  Construction  Of  Heat  Engines  by  W.  E.  Ninde. 

136.  The  Function  Of  The  Slide  Valve  Is,  as  explained  in 
Sec.  4,  to  open  and  close,  at  the  proper  instants,  passages 
through  which  steam  may  flow  into  or  out  of  the  engine 
cylinder.  This  slide  valve,  therefore,  permits  the  steam  to 
perform  its  cycle.  Sec.  102,  within  the  engine  cylinder.  Since  a 
slide  valve  performs  its  functions  in  the  same  manner  for  both 
ends  of  the  engine  cylinder,  the  following  explanation,  of  the 
method  wherebv  a  slide  valve  contra*  flow  into  and  out 
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4  end  of  a  cylinder,  is  descriptive  of  its  porf< 
for  kofli  ends. 

E*m  nation  .—In  Kg.  117,  the  vah-e,  I',  is  shown  moving  to  tint  right 
""1  i*  rrsdy  u>  admit  high-pressure  steam  from  the  steam  shMt,  S,  bo 


SG 

or  ut  ante  ' 


Th  117.-  c  ,, 

cylinder. 

***bwd-cii(l  cylinder  port,  H,  and  thence  to  the  head-end  of  the  oylindv. 
^Wwmwill  then  force  the  piston,  P,  toward  the  right,  In  the  position 
™>*D  in  Fig.  118,  V  has  hern  moved  to  the  right,  stopped,  and  is  now 
WJu|  [,,  the  left.  It  hud  returned  to  its  former  position.  Up  to  this 
pant,  high-prv*-.un-   steam  lias  been  admitted  to  the  head-end  of  the 


I    mrtCK-nS-.H 


lilt-  I'.IlM 


V-  i    move    farther  to  tin*  h'ft,  mi  more  steam  will  he  admitted 
i"  II  I tuse   '    coi iij ilc I i'l>   nlnil*  il  'ill  from  .V,      Henri-,  since  the  head- 

i--  Isobili'il  fi'i.in  tin'  lmili-|iM'."iiri'  ,si 
'■■«  ;iiil  tin'  rinlil  due  oiili  to  pi' 
i(r*m  in  the  head-end  of  the  cylinder. 
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When,  as  shown  in  Fig.  1 19,  the  piston  has  almost  reached  the  end  of  its 
Stroke,  traveling  toward  the  right,  any  further  movement  of  the  valve 
toward  the  left  will  allow  the  expanded  steam  in  the  head-end  of  the 
cylinder  to  flow  through  H  to  the  exhaust  port,  E.  High-pressure  steam 
is  about  to  be  admitted  to  the  crank-end  of  the  cylinder  where  it  will  force 


the  Iii-euI  end  of  the  cylinder 


the  piston  toward  the  left.  Fig.  120  shows  the  position  of  the  piston  and 
valve  after  the  expanding  steam  in  the  crank-end  of  the  cylinder  has 
forced  the  piston  to  the  left.  The  valve  has  been  moved  to  the  left, 
stopped,  and  is  now  moving  to  the  right  again.  Further  movement  of 
the  valve  toward  the  right  will  shut  off  the  head-end  of  the  cylinder  from 


<d  of  tilt 


E,  thus  confining  the  remaining  steam  in  the  liend-eml  of 
serve  as  a  ''compression'"  cushion  for  tin-  pistor 
of  its  travel. 

Note. — Tut;  Points  Ok  "Admission,"  " 
"  Compression  "  are  understood  to  be  the  pi 


..     cam  in  the  hoiul-t-nd  of  the  cylinder  to 

'compression"  cushion  for  the  piston  :i*  it  :ippri>;i<hes  the  end 

"Uei.kask."  And 
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ii  'i  -i ling    i i i    '  ho   indicator  pencil  i 

■  igraui  (Fig.  88J  when  the.  valve  i--  in  Hi"  no!  at  opetitf  or 

|  iii!.]i-r  port  .      'nici*.sili<ui~of  l  lie  slide  valve  at  each  of  llicse 

in  mil  in  Fi(n.  117  to  120.     Obviously  there  will  b tof  eaos 

rfAwpointe  for  each  end  of  the  cylinder.     These  arc  specified  as  hcad- 
ion,  crank-end  admi'scui,  head-end  cut-off,  etc. 

136.  The  Terms  "Outside -Admission"  Or  "Direct"  And 

"Inside-Admission"    Or    "Indirect"    As    Applied    To    Slide 

Viives  relate  to  the  manner  in  which  steam  is  admitted  to  the 

Thus  an  " outside-admission "  or  "direct"  valve 

[Jlf.  121}  is  one  which  has  live,  or  boiler-pressure  steam,  o, 
■'"ml  the  two  cuds  of  the  valve  ami  exhaust  steam  between 


Cornier  tores 

i-ulr-ulmianiou 


;■!-  oi  the  valve.     Steam  enters  the  cylinder  past 

outside   edges,   0,  of  the   valve  and  exhausts  from  the 

mild    past    the    inside   edges,    /.     An   " inside-adiaissiori " 

I  "indirect"    valve    (Fig.    122)    is  one   which   has  exhaust 

:   i  lie  i  wo  ends  of  the  valve  and  live  steam  between 

t  two  ends  of  the  valve,     Steam  enters  the  cylinder  pas! 

r  edges,  /.  of  the  valve  and  exhausts  from  the  cylinder 

r  the  outside  edges,  ". 

•"External,"  And  "Internal"  Are  Other  Terms  Applihd 
I  u.vks  I.  denote  whether  they  are  uf  the  inside  or  outside 
pe.  Outsi  de-ad  mission  valves  arc  sometimes  called  external. 
■  iini.s-i.iji  valves  are  sometimes  called  internal.  Piston  slide 
tally  always  designed  IW  inside  admission  (indiieei  i 
I  other  slide  valves  are  nearly    alwavs  of   the  outsidc-admission 

17.  The  Advantages  And  Disadvantages  Of  Plain  D-SI 
res  may  be  briefly  stated  thus;  (1)  Ailvantayai. 
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struction  is  very  simple.  (6)  Operating  mechanism  is  simple. 
(c)  Maintenance  is  low,  l>ecause  of  the  simplicity.  (2)  Dis- 
advantages, (a)  Because  of  unequal  pressures  on  the  two 
sides,  D-slidc  valves  are  forced  strongly  against  their  scats; 
this  is  likely  to  produce  excessive  friction  and  wear  at  the  seat. 
(6)  Cylinder  ports  are  opened  and  closed  slowly;  this  is  the 
cause  of  wire-drawing  or  throttling  of  the  steam,  especially 
at  cut-off.  (c)  Admission,  cut-off,  release  and  compression 
are  not  independently  adjustable.  That  is,  adjustment  say 
of  head-end  cut-off  is  likely  to  affect  the  adjustment  of  all 
events  of  both  ends  of  the  cylinder,  (d)  Engines  with  D-slide 
valves  must  have  comparatively  large  clearance  volumes. 
(e)  Because  of  unequal  temperatures  on  the  two  sides  of  the 
valves,  D-slide  valves  are  apt  to  warp.  This  makes  them 
unsuited  to  engines  which  operate  on  superheated  steam. 

Note. — The  Disadvantages  Of  D-Slide  Valves  Mat  Be  Partially 
Overcome  by  using  slide  valves  of  certain  special  types  which  are  dis- 
cussed in  the  following  sections.  But  no  one  of  these  special  types 
eliminates  entirely  all  of  the  disadvantages.  The  valve  designs  dis- 
cussed in  Div.  5  afford  the  most  logical  means  for  overcoming  the 
disadvantages  listed  above. 

138.  Advantages  And  Disadvantages  Of  Piston  Slide  Valves : 

(1)  Advantages,  (a)  Construction  is  almost  as  simple  as  that 
of  the  D-slide  valve.  (6)  Operating  mechanism  is  simple. 
(c)  Steam  pressure  does  not  produce  any  unbalanced  force  on 
the  valve,  (d)  Temperatures  on  different  parts  will  not 
distort  the  valve;  it  is  therefore  suited  for  superheated  steam, 
(e)  Maintenance  is  low,  because  of  the  simplicity.  (2)  Dis- 
advantages, (a)  Cylinder  ports  are  opened  and  closed  slowly. 
(6)  Valve  events  arc  not  independently  adjustable,  (c) 
Clearance  volume  of  engine  must  be  very  large,  (d)  Wear  of 
the  valve  or  its  seat  is  apt  to  cause  leakage  past  the  valve  and  is 
difficult  to  take  up;  frequently  wear  necessitates  replacement 
of  the  valve  or  its  seat. 

Note. — Piston  Valves  Ark  Usually  Of  The  Inside- Admission 
Type.  With  inside  admission  (Fig.  .'{3)  the  stuffing  box  on  the  valve 
stem  seals  the  opening  only  against  exhaust  steam,  whereas  with  outside 
admission  (Fig.  21)  the  stuffing  box  holds  high-pressure  steam.  Leaks  at 
t  he  stuffing  boxes  of  inside-admission  valves  do  not,  therefore,  waste  steam 
because  the  leaking  steam  has  already  been  used  by  the  engine.    D-slide 
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iKn  eannot   be  of   the   insi Jc-;ji]nii.^^niri    type  because  high-pressure 
I',  would  rikise  the  valve  off  ils  seat  and  would  thus 
«ape,  without  doing  work,  into  the  exhaust  passage. 

139.  Advantages  And  Disadvantages  Of  Balanced  Slide 
Vitas  (Fig.  123):  (!)  Advantage*,  (a)  Construction  is  almost 
I  of  the  plain  I>-slide  valve,  (b)  Operating 
'""■'liaiiisiii  is  simple,  (c)  Pressure  of  the  steam  on  the  two 
Bol  ih.'  valve  is  nearly  balanced;  therefore,  friction  and 
irare  less  than  with  D-slide  valves,  (rf)  Valve  is  not  so 
Wrj  distorted   by   temperature   differences  on   its  surfaces 


s  is  a  plain  D-slide  valve,     (c)  Maintenance  is  low  and  com- 
mit inn    for    wear   is    automatic.     (2)    Dhadvanlaiies.     (a) 
'Hinder    porta   are   opened   and    closed   slowly.     (6)    Valve 
are    not    independently    adjustable,     (c)     Clearance 
list  be  large,  though  not  larger  than  with  the  plain 
slide  valve,     (d)  Steam  le;ikag<>  at  the  valve  is  likely  to  Iks 
■atcr  than  with  plain  D-slide  valves. 

Explanation.— Sini-e  the  exhaust  si  earn  enters  .S  (Fig.  123}  through 
Kllfl,  0,  the  downward  pressure  on  I',  due  to  the  exhaust  steam 
*ithin  the  area  enclosed  by  ring,  U,  is  practically  the  same  as  the  upward 
nl"  due  to  the  exhaust  steam  in  the  exhaust  cavity,  C       Qenoe 
in  the  exhaust  steam,  which   1*  exerts  against  X  ii 
tically  zero. 
*,  /'  in  held  rigidly  in  position  by  bolts,  B.     Therefore,  ihe  I 
"a  8t«am  space  L  can  evert  no  downward  pressure  within  tin:  » 
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■    R.     Theonl]  downward  premire  which  the  live  sta u 

;,.i  exerted  downward  on  thai  projected  vn  oi  V  which ii 
outside  of  Ii  This  wen  outride  of  R  is,  En  actual  engines,  relative!] 
-mull;  in  fact  it  can  be  mads  practically  «ero  if  the  ring,  it,  i 

iiritiuiil  ll".'  extreme  eilt'f  <tf   I". 

But  in  actual  engines  ii  is  desirable  that  there  1"'  mom  dowiM  ird 
thrust  n(  V  Mgninst  X  tit  linlil  I"  snugly  Against  its  seat  to  prevent  lirafcajrt 
In  actual  eagrDeS,  the  projected  area  of  V  which  is  outside  of  B 
Ijv  the  engine  designer  that  the  resultant  downward  prnwiirn  of  V  and  X 

is  sufficient  to  effect ivcty  prevent  this  leukuge  lint  "till  tmt  iinlm-i-  SXI ■■-■■ 
aire  Motion  between  V  and  IT.     11  some  live  steam  lealu  B  ■  ■ 
IntoS,  it  passes  through  'M.>  the  .-vli:>nsi.     Thus  (>  prevent  the  pressure 
in  8  becoming  greater  than  the  exhaust  pressure. 


■e  [Erie  Bull  lin.mt  Co).      Thto  laU 


140.  Advantages  And  Disadvantages  Of  Multiported  Slide 
Vaivet  (Fig.  32,  sec  Sec.  14  for  definition)  b 

Btruction    ia    almost    as    simple    us    tbaf     ol     phlia 
Oslide    valve,     (b)    Operating    mechanism    is    simple,     fc] 
( !ylinder  poi  lc  an-  opened  and  dosed  inure  ipiieldy  than  with 
the  valves  nlrenth  discusicd,      I'rfJ  \  live  travel  need 
great  as  with  ningh-porti    I 
will  l.e  required  to  -lnl>    llic  vuh  v  I 
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*i»_      ^  Unless  the  valve  is  balanced,  see  note  following, 

*  »«^***  pressure  is  likely  to  cause  excessive  friction  and  wear 

■  _      ^*t  and  also  to  cause  distortion  of  the  valve.     (6) 

^_       *Vent8  arc  not  independently  adjustable,     (c)  Clear- 

^*Hime  must  l>c  large. 

■  ,c^^  f"t**        m*w     Swrri     .  P-tssur*  Plate 

^Zr*  Valves  Combine  The     /  ,-ii^f1 
-^**»»  Of  The  Balanced  / 
_  **E  Multipohted   glide  I 
.  Figs.  124  and  125  show 
,~^>W  form  of  balanced  mul- 

JfctrJv..   Iti.IobenoUd  £~g„,>2J.      ,,.„,  .„„ 

,  _^  ■  this  valve  the  auxiliary  Spring 

«7^  "feet  only  the  admission      1"f|",a'^!on,  "*  S'd*  V"w 

Sa~  "Jjjb-awi ure  steam  to  the  _         „     _  ,  ■ . 

=9»TT^  __  ,         .       ,  Fio.   I2S.—  Tn.iuv.-rw  nooliun  Mill  nulp  view  of 

■^J^Mw.    The  exhaust   steam  Bwcvt™lvc. 

^^s  through  only    a  single 

j2*»*-port.     Borne  balanced  multiported  valves  also  exhaust   through 

^**unli*iy  port. 

fc  141.  Advantages  And  Disadvantages  Of  Riding-Cut-Off 

Ifcto  Valves  (Fig.  34) :  (1)  Advantage*,     (a)  Cut-off  is  effected 

**kpidly;  that  is,  cut-off  takes  place  when  the  riding  blocks  are 

^e«  their  mid-travel  position  and  travelling  relatively  fast. 

M>)  Cut-off  can  be  effected  at  the  same  fraction  of  both  the 

forward  and  the  return  stroke;  thus,  the  work  done  in  the  two 

b*sds  of  the  cylinder  can  be  equalized,     (c)  The  construction 

of  the  cylinder,   valves,  and  their  operating  mechanism   is 

simpler  than  with  other  engines  which  have  advantages  (ti) 

and  (6).     (2)  Disadvantages,     (a)  Except  when  mtule  in  piston 

form — as  in  the  Buckeye  engine — the  valve  is  unbalanced 

and  presents  two  surfaces  along  which  excessive  friction  may 

*rt;  hence  much  power  is  required  to  move  the  valves  and 

war  may  be  excessive.     (6)  Engine  clearance  is  large.     (<■)  The 

valve-operating  mechanism  consists  of  twice  as  many  parts  as 

•low  that  for  a  simple  slide  valve;  hence,  the  riding-cut-off 

v*lve  is  apt  to  give  more  trouble  and  require  mure  attention. 

142.  Features  Of  The  Gridiron-Valve  Engine  I  Figs.  12fi  to 

128)  are  that :  (1)  The  rains  m/nire  xmuU  »<»<■<  mmt  ifmm  '  ■,  in. 

to  |lj    in.).     (2)    Ihmim  four   mlrrx  and  hm  ,m  nines,   nil 

atnta  of  both  ends  »f  tin-  cylinder  are  indeftendt ntly  mlj 
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Clearance  u  very  small   (usually  less  than  with   Corliss 

I  '    Tin-  i-tilrc-i'pritiliiitj    inirlumism    pcn/iils  of  high 

«fl»M  speeds,     (5)  Cut-aff  occurs  quickly,  while  the  valves  are 

moving  fast,  and  it  is  the  only  cvrii!   that  nerd  !»•  changed 

' Tiling.     Its  chief  disadvantages  are  that  the  valve- 

■  ■:! -in  is  relatively  complex,  the  construction 

.itie  makes  it  costly,  and  adjustment  of  the  valve- 

fcttoaiaai  is  relatively  difficult. 

Eipusattos. — In  the  Mcintosh  Seymour  Engine  (Figs.  I2G  to  128) 
nth  cylinder  has  four  main  valve* — two  steam  and  two  exhaust — and 


Ws  limitary  Q*  riding-cut-off  valves,  all  of  which  ore  of  gridiron  const rue- 

•w.    The  four  nuiin  valves  are  driven  from  a  main  rock  shaft,  M,  [Fig, 

;  ■  rocked  by  the  mechanism  of  Fig.  126  from  a  luted  eccentric, 

'.TO  the  crank  shaft.     The  main  valves  control  the  points  of  admission, 

<*if«,  ami  compression  which  can  be  adjusted  independently  fur  rui  U 

irlioder,     The  auxiliary  or  riding  cut-off  valves  are  driven 

I2S)  which  is  operated  from  :i  governor- 

'■    as  shown  in  tig    I2li.     The imu  <lnn  i-.i  hum 

BO  dial id  bj   i  In   isevpral  links  that  the  valves  a 

Opening,  pause  when  full  open,  and  remain  almost  stationary 
rloiml. 
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Notb.— The  Sbttinu  Of  Gmdibon  Valves  is  rather  complex  sod 
will  tiot  lw  ditwuMHCil  in  Ihi»  hook  for  lack  of  space.  The  reader  is,  Ihm- 
fore,  referred  to  the  manufacturer  for  instructions  for  setting  gridiitu 


143.  Valve  "Lap"  is  (Fin*.  129  and  130)  the  amount  (length) 
l.v  which  a  valve  overlap  nr  extends  iM'yond  the  cylinder 
jMirt     when    the    valve    is    mid-way    between    its   extreme 
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.  slide  valve  has  [our  edges  with  which  it  cuts 

there  "ill  ho  valve  lap  measured  to  each  of 

rious  terms  which  arc  used  to  designate  the 

■■-.<  points  arc  defined  graphically  in  the  follow- 

:  lap  and  steam  lap,  Figs.  129  and  130; 

ride  tap,  Figs.  I'M  and  132. 


■  -,.]-.   (If    A    Si.idk    Vat.ve    (Fi«.    13:1)    i*    tin- 

.    i|xaiiine,   V,  nl  I  In1  i-vliinliT  [n.irls  In  l  hi'  rxhuunt  |«is- 

mid-way  liptwceiiita  extreme  imsitiniis.      Il 

.   ol  inside  I  i|'  ruid  is  sometimes  called  negative,  tup. 

aula  of  very  early  release  and  lal-c  compression. 

■  •:    Purposes    Of    Steam  And    Exhaust    Lap    Are: 

bl  ■■  "  vnli-e  to  cut  oJT  Ihr  high-pressure  strum 
efore  the  pixtvtt   reuehes  the  end  of  the 
■r  words  it  per-  **-*/«** 

expan-    H„.,-Er.i  "'^f-°-'..  vi-,„rii.[r<1 

■   and  brings 

■  have 
■  el  a 

lij'Ti'ased     ■'"•■   133.— A  slide  vulve  with  netntive  «- 

reater  ,"1Ufl  "" "'    """''  oe,l""c*' 

,    which    in   turn    provide.--  a   longer  exhaust 
.  Ivt-s-  i\  liicli  have  plenty  nf  steam  lap 
irking  sle-un  in  Hie  cylinder  would  be 
;  ting  the  proper  itcam  ex| 
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145.  To  Change  The  Lap  Of  A  Slide  Valve  it  is  necessary* 
either  cut  away  part  of  the  valve  or  add  to  the  valve.  As  iti 
usually  very  expensive  to  add  to  the  valve,  a  new  valve  wouk 
usually  be  procured  whenever  this  is  necessary.  Enghtf 
valves  should  always  be  furnished  by  their  manufactured 
with  the  proper  lap  to  suit  the  operating  conditions.  There- 
fore, it  is  seldom  necessary  to  change  the  lap  of  a  valve  except 
when  the  engine  is  to  be  used  under  steam  pressures  different 
from  those  for  which  it  was  designed.  If,  however,  it  does 
become  necessary  to  change  the  valve  dimensions,  the  best 
procedure  is  to  have  the  engine  builder  furnish  a  new  valve 
to  suit  the  new  conditions.  If  the  manufacturer  cannot  be 
reached  and  if  it  is  firmly  established  that  the  valve  lap  must 
be  changed,  then  the  changes  may  be  made  in  accordance  with 
Table  146. 

146.  Table  Showing  Effects  Of  Changing  Valve  Lap.— The 
lap  should  always  be  changed  by  equal  amounts  on  both  the 
head-end  and  the  crank-end  cutting  edges. 


_. 
Admission 

Effect  on 

point  of 

Lap  change 

Cut-off 

Release 

Com- 
pression 

Steam  lap 

1 

Increased   |  Later 

Earlier 

Unchanged 
Unchanged 

Unchanged 

Decreased  I  Earlier 

Later 

Unchanged 

Kxhaust  Ian 

Increased 
Decreased 

Unchanged 
Unchanged 

Unchanged    L»t*r 

Earlier 

Unchanged 

Earlier 

Later 

147,  "Lead"  Is  Understood  To  Mean  the  amount  (length. 
Fig.  134)  by  which  a  valve,  V,  opens  a  cylinder  port  for  the 
admission  of  supply  steam  when  the  piston  is  exactly  at  the  end 
of  its  stroke  within  the  engine  cylinder.  Unlike  lap,  lead  if 
not  determined  by  the  dimensions  of  the  valve.  Lead  ii 
determined  wholly  by  the  adjustment  of  the  valve  mechanism 
The  purpose*  of  so  adjusting  the  valve  that  it  provides  lea< 
is  to  insure  that  steam  will  enter  the  cylinder  shortly  before  tin 
piston  reaches  the  end  of  a  stroke.  The  objects  of  thus  admit 
ting  the  steam  are:  (1)  To  have  it  aid,  by  its  compression,  i\ 
bringing  the  piston   to  rest   hrfnre  its  reversal  in  direction  c 
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ion.  (2)  To  insure  full  steam-supply  pressure  behind  the 
ton  as  it  begins  its  next  stroke. 

&XFLANAT10N. — It  requires  a  short  time  interval  for  sufficient  steam  to 
w  the  cylinder  to  completely  fill  the  clearance  volume  to  supply 
sure.  If  steam  were  first  admitted  to  the  port,  just  as  the  piston 
i*hed  the  end  of  its  stroke,  the  momentum  of  the  flywheel  would  cause 


Valve 


V..<V*/ve 


Lead 

fa 


WW 


r& 


.•Eccentric 


Head- End  Cylinder  Fbrt  -  • 


.•Eccentric  Rod 


^e^— f- 


'Crank 


'Connecting 
Rod 


Piston  At 
End  Of  Stroke'' 


Flo.  134. — Engine  on  head-end  dead  center  showing  head-end  lead. 

lb  piston  to  recede  from  the  cylinder  end  before  enough  steam  were 
■dmitted  to  fill  the  clearance  volume.  If,  however,  the  cylinder  port  is 
°poed  shortly  before  the  piston  reaches  the  end  of  the  stroke,  the 
PniBure  within  the  clearance  volume  will  rise  to  supply  pressure  before 
ti*  piston  leaves  the  end.  Thus  lead,  or  earlier  opening,  adds  to  the 
Pftssure  behind  the  piston  during  the  first  part  of  the  stroke,  and  there- 
fa  adds  to  the  work  done  by  the  steam  on  the  piston  (Div.  1). 

148.  The  Slide  Valve  Usually  Receives  Its  Motion  From  An 
Eccentric  (E,  Fig.  135)  which  is  attached  to  the  engine  shaft, 


:Se*t 


\vVbfveStem         B.Mrlve  Block' 

i      lt...Jt.    ■tj.A'''    -Eccentric  Rodp 

iUttot-f-- — -  -^ 

F-  —■     -—  V     .Cm  -,~~l.   Shift    ■    ■  -\ 


'G  C'jrr-k  Shaft 

^Vctlve-Bkck  S 

Guide  Eccenfr-c- 


Fio.   135. — Eccentric  mechanism. 

.  The  valve,  V,  and  valve  block,  li,  are  fastened  to  opposite 
ids  of  the  valve  stem,  J.  B  serves  the  same  purpose  as  does 
ttcrosshead  in  the  standard  engine  crank-mechanism.  The 
centric  rod,  R,  is  fastened  at  one  end  to  B  and  at  the  other 
rf  to  the  eccentric,  E.  Thus  the  motion  of  the  eccentric  is 
insmitted  through  R,  B,  and  /  to  the  valve  l\ 

7 
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Note.— The  Eccentricity  Or  Throw  Or  An  Eccentric  (Fin.  131 
the  distance,  K,  between  the  center  of  the  crank  thaft  and  the  center  aj 
eccentric  itself.  It  can  be  considered  as  the  distance  the  eccentr 
"off-center"  from  the  crank  shaft.  The  circle  of  radius  R  (Pig.  13( 
called  the  eccentric  circle. 

149,  The  Motion  Derived  From  An  Eccentric  is  equival 
to  that  from  a  crank  whose  radius  is  equal  to  the  throw  of 
eccentric.     That  this  is  true  is  demonstrated  below. 


Explanation. — In  Fig.  136,  an  eccentric  attached  to  a  slide  val' 
shown  in  three  successive  positions.  The  eccentricity  is  repreae 
by  the  distance,  H.  As  the  eccentric  moves  from  Position  /  to  Poa 
//,  Ihe  valve  moves  the  distance  a.  Likewise,  as  the  eccentric  m 
from  position  /  to  Position  ///,  the  valve  moves  the  distance  6.  In 
137  the  same  valve  is  shown  attached  by  a  connecting  rod  to  a  cr 
This  crank  has  a  crank-arm  length,  BC,  or  distance  from  the  centi 
the  crank  pin  to  the  center  of  the  crank  shaft  which  is  represented  b 
The  distance,  R,  in  Fig.  137  is  the  same  as  the  throw,  R,  of  the  ecce: 
in  Fig.  130.  As  the  crank  in  Fig.  13"  moves  from  Position  /  to  Pos 
//,  the  valve  moves  the  distance  a.  As  the  crank  moves  from  Positi 
to  Position  ///,  the  valve  moves  the  distance  l>.  Measurement  will i 
that  the  distances  a  and  6  in  Fig.  130  are  the  same  as  the  distances  a 
>)in  Fig.  137.  Hence,  an  eccentric  iim1i.ui  is  equivalent  to  a  crank  m< 
and  an  eccentric  can  be  considered  as  a  developed  form  of  the  crank 
the  crank  pin  sufficiently  enlarged  to  encircle  the  crank  shaft. 

150.  Valve  "Travel"  Can  Be  Defined  (Fig.  136)  as  the 
tance  between  its  extreme  or  the  distance  the  v 
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one-half  revolution  of  the  eccentric.     Thus  in  Fig. 

lidc  \  alvc  ia  show  n  in  a  position  »  ith  Lhc  eccent  rle, 

f.  in  us  head-end  extreme  position.     In  III,  E  is  in  ils  ontnk- 

qg  position.  The  distance  2R  through  which  the 
dkie  valve  has  moved  during  the  shifting  of  the  eccentric  from 
I  •«IIJ  in  fa  travel. 


Sure.— Tsi  Travel  Op  A  Valv 

i  H  "  Of  Itb  Ei 

!■:■■■   K   Uuow   of   thi 

drvtilwd  hy  I  lie  >-i  u  wtltlJO  center 


IsEqi 


Tn  Tu1.I:The"EcXEN- 

R,  Fir.  136,  ia  ttieeccen- 

the    nidhis   of  the  circle 
engines,  intermediate  levers 


n  rorker  arms  uri-  introduced  between  the  ec  ecu  trie  and  (he  slide  valve; 
i       in  kucIi  construction,  the  valve  travel  is  not  necessarily 
i<w»l  iu  hrioe  the  eccentricity. 

151.  The  Angle  Of  Advance  (Figs.  140  and  141)  is  the  angle 
trough  which  tfu  eea  atric  muni,  when  the  piston  is  at  oru  i  nd 
"!<t«itrokt,  be  rotated  on  its  crank  shaft  to  draw  the  valve  from  U 


its  travel  to  its  operating  position.  In  other  words, 
■  i  advance  is,  when  the  engine  is  al  one  end  of  its 

Krolte  (on  dead  center)  the  angle  between  an  imaginary  line 
Irawn  through  the.  rjeeentiic  and  the  erank-shaft 
i.l  another  imaginary  line  which  is  drawn  through  the 

crank-shaft   center  and   al  right  angles  to  the  rylinder  axis. 

I  now.  -In  Fig.  138  an  engine  i-  shown  with  its  eccentric  so 
anglftisxero.  The  pi  Man  is  at  its  extreme  bead-end 
valve,  I'',  is  in  llie  middle  of  ita  travel  run]  tin- 
.  ia  perpendicular  to  the  cylinder  u 
■■  i  alvc  in  the  position  shown,  lhc 
."    no  stennt  is  being  admitted  to  I 
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when  the  piston  is  at  the  end  of  its  stroke.  To  insure  proper  operation . 
the  eccentric  must,  as  will  be  shown,  be  shifted  forward  through  t* 
sufficient  angle  to  allow  steam  to  enter  the  cylinder. 

In  Fig.  139  the  crank,  C,  is  shown  in  its  original  position  but  tho 
eccentric  has  been  shifted  forward  through  a  sufficient  angle  to  move  1" 
forward  a  distance  equal  to  it s  steam  lap.  The  center  line  of  the  eccentri c 
in  the  now  position  is  DF.     The  angle,  AMD,  through  which  it  was 


y- .  ,  Valve  Moved  forworn*  a 
y    Distance  Equal  to  its  lap 


Eccentric  Center  Line '•, 
Lap  Angle  *•'' ^'\   |y<- 

Eccentric.,,  r^-y 


Cylinder-,: 
Axis  Line-' 


Crank  on         \  /    : 
Head-End  Center^    V 


Flu.  130. — Valve  moved  forward  a  diNtanee  equal  to  itn  lap  with  crank  on  head-end 
center.     The  lap  angle  in  shown  here.     (I^ead  angle  —  0). 

necessary  to  shift  the  eccentric  to  move  the  valve,  V,  a  distance  equal  to 
its  lap  is  called  the  lap  angle.  But  this  setting  of  the  valve  provides  no 
lead,  (Sec.  147). 

Now  since,  to  insure  satisfactory  operation,  all  engines  must  have  * 
definite  amount  of  lead  (Sec.  147)  the  eccentric  must  again,  to  provide 
this  lead,  be  shifted  ahead  from  the  position  shown  in  Fig.  139  to  th»t 
shown  in  Fig.  140.  The  additional  angle,  DMII,  through  which  t*1* 
eccentric  has  been  shifted  from  position,  DF  (Fig.  139)  to  obtain  the  le**" 


a>\  e  Mcved  Forward  a 

D's lance  Equal tc Lap  +  Lead 


Eccentric  Center  Line. 


Angle  of  Advance  ■ 


*vVH 


«ML 


CrarH  <r>  Head-End .'/ 
Center.-^'/ 


g  r  B 


'•  Eccentric 


Fi<;.   1 10.-- -Valve  moved  forward  a  distance  equal  to  the  sum  of  its  lap  and  lead  with 
crank  on  head-md  renter.     Lap  angle,  leatl  angle,  and  angle  of  advance  are  shown. 


is  called  the  Lead  A  nglc.  The  A  nglc  Of  Advance,  A  Mil,  as  defined  above 
is  therefore  the  angle  between  the  eccentric  positions  AB  and  GH  and  i* 
tqual  to  the  sum  of  tin  lap  anglr  and  tin  leatl  angle  as  shown  in  Fig.  140. 

Notk. — With  Insidk-Admission  Yaiaks  The  Anulk  Or  Advawc* 
(Fig.  141)  is  determined  by  the  Mime  rule  (alwve).  It  is  to  be  obaervedi 
however,  that  with  inside-admission  valves  the  eccentric  lags  behind  the 
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fTMik  by  the  angle  OMH  ■  flOi/ro. — unjjfc  n/  mhonrc — whereas,  with 
,  -inn  valves  tin'  eccentric  leads  the  crank  by  the  angltOMB 
'fie  HO]  =  90  <fcy.  +  ongh  of  advanet. 

Not*.— The  "  Displacement"  Of  A  Slide  Valve  is  the  distance  that 
U*  ttlve  has,  at  any  instant,  been  moved  from  its  central  potftion. 
Thin,  when  an  engine  is 
Orm  lap  +  the  lead. 


J„.  ,ii. 


162.  The  "Angularity"  Or  "Obliquity"  Of  A  Connecting  Rod 

■  hanging  angular  position  with  respect  to  the  engine- 

•  i-  line.  At  the  instant  pictured  in  Fig.  142,  it  is  the 
UH»  FBI).  When  the  crosshend  is  at  the  end  of  its  stroke 
CRg.1  13,  i)  the  angularity  is  zero.  The  effects  of  conned ing- 
"*)  angularity  are:  (1)  /(  makes  the  average  velocity  of  the 
m««Aeorf  during  the  first  half  of  its  stroke,  on  the  forward  stroke 
■toward  the  shaft),  greater  than  that  during  the  second  half  of  its 
**i(.     (2)  On  the  return  stroke,  angularity  makes  the  average 

Iht  erotshead  during  the  first  half  stroke  has  than  that 

"Wing  the  second  half.     Since  the  motion  of  a  slide  valve  is  not 

&ffect«d    by    the    angularity    of    its    connecting 

rod,1  the  unlike  speeds  of  the  crosshend  during  the 

ml  return  strokes  will  tend  to  make  unequal  the 
life  events  for  the  two  ends  of  ihe  cylinder.     Thus,  if  any  one 

;,  aa  cut-off,  were  inado  l.o  occur  it!  I  lie  same  fraction 

he  forward  and  return  strokes,  all  other  events  would 

^CUrat  unequal  fractions  of  tin'  two  strokes. 


;i 
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1  Note.— The  Angle,  At  An*  Instant,  Between  The  EccentbiC 
Rod  And  The  Valve-Stem  Axis  Line  Would  Be  Called  The  Angu- 
larity Of  The  Eccentric  Rod.  Now,  since  the  eccentric  rod  is" 
ordinarily  of  great  length  as  compared  to  the  throw  of  the  eccentric,  tht- 
angularity  or  the  eccentric  rod  never  becomes  very  large.  For  small 
angularities  the  effects  explained  above  are  ho  small  that  they  may 
practically  be  neglected. 

Explanation. — Fig.  142  is  a  dia- 
gram of  a  crank-and-connecting-rodl 
mechanism  of  a  constant-speed  engine. 
The  crosahead,  B,  is  shown  in  the 
middle  of  the  stroke,  AO,  undcr- 
which  condition  the  crank  pin  im 
at  F.  It  is  evident  that,  as  the- 
crosahcari  completes  the  first  hall  of 
its  forward  stroke,  the  crank  pin 
moves  from  Q  to  F .  Also,  as  lli*.- 
crosshcad  completes  the  last  half 
of  its  stroke,  the  crank  pin  moves 
from  F  to  E.  Thus,  since  the  rotating  speed  of  the  crank  pin  of  a  con- 
stant-speed engine  does  not  vary,  the  average  piston  speed  must  %>* 
greater  from  A  to  B  than  from  B  to  O.  The  reason  is  that  half  of  the 
.(I  roke,  AO,  has  been  completed  before  the  crank  pin  has  turned  a  quart*5' 
of  a  rcvolutioni'that  is,  before  the  crank  pin  has  reached  O,  LikeW*8C' 
on  the  return  stroke  {mechanism  is  shown  dotted  on  return  stroke)  *"* 
crank  pin  turns  from  E  tn  //,  or  more  than  a  quarter  revolution,  vt»*™ 


Rtturn  ifmtr 


Crete 


'.   142— Sh 


Hie  c-nmshcad  complete*  the  lira!  half  of  its  return  stroke,  or  O  to  ■* 
Furl  hern  Hire,  the  crank  pin  turns  from  //  to  Q  while  the  croMh**^* 
complete*  the  last  half  of  its  return  stroke,  or  B  to  A.  Hence,  on  **J 
return  stroke,  the  average  speed  of  the  piston  from  0  to  B  is  less  than  * 
average  "peed  from*  H  to  .1.  Hence,  it  is  evident  that  even  though  *  ** 
circumferential  speed  uf  an  engine  crunk  pin  is  constant,  the  aveia*"^' 
speed  of  its  crosshcad  will,  because  <if  angularity,  be  greater  during  ***' 
first  half  of  its  stroke  than  during  Ihe  last  half — or  vice  versa. 
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Sim.— The  Variations  Of  The  CnnssueA 
Srt.ne  ritsy  tip  shown  by  plotting  I  In-  velocity  on  a  graph  (Fin.  143,  I). 
Ii  I'lViilciit  from  this  graph  thut.  the  oros-ihead  velocity  during  the  head- 
'odput  of  the  stroke  is  greater  than  that  at  corresponding  points  in  the 
(Tint -end  part  of  the  stroke.  The  Scftrh-yoki-  mm-hnnUm  (Fig.  143,  II) 
(net •  nlocily  diagram  which  docs  not  them  such  DnMfti ■lerintirs.  This 
liberalise  there  is  no  angularity  with  this  mechanism. 

1S3.  "Dead    Center"   denotes   the   position   of  an   engine 
met'liaiiism  (Figs.  144  and  145)  when  the  piston  is  exactly 


•toncpnd  of  its  stroke.  An  engine  is  evidently  on  dead  center 
*hwi  the  center,  0,  of  its  erank  pin  lies  on  the  cylinder  axis 
"'*,  CL.  The  two  dead-center  positions  are  termed:  (1) 
Ihmi-tml  dead  center,  when  the  piston,  F,  is  at  the  extreme  end 
°f  its  stroke  and  nearest  to  Ihe  cylinder  head.  (2)  Criink-end 
wod center,  when  the  piston,  P,  is  nearest  to  the  engine  erank 


shaft  and  at  the  extreme  end  of  its  stroke.  In  making  valve 
adjustments,  it  is  essential  that  one  understands  how  to  place 
lj»  engine  exactly  on  dead  center.  A  slight  error  in  the  posi- 
*!«!  of  the  crank  shaft  when  the  engine  is  thought  to  be  on  di 
"""tor  will  introduce  a  relatively  large  error  in  the  position 
°f  'he  valve,  even  though  the  piston  may  appear  to  he  a(  the 
l'iKiof  its  stroke. 
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Note.— Tu  Place  Ax  Ekgi.ve  Accurately  On  Dead  Center  By  The 
Tkamuei,  Method  (Fig.  146)  the  engine  is  turned  by  hand  (or  by 
"barring")  in  (he  same  direction  as  that  in  which  it  normally  runs  until 
the  crosshoad  is  somewhere  near  the  end  of  its  stroke.    Then  a  mark,  A, 


method  of  find 


ie  detd  center!  oIidc 


is  scratched  on  the  crosshead  and  a  mark,  B,  directly  opposite  A,  i* 
scratched  on  one  of  the  guides.  Then,  with  the  engine  remaining  in  thi^ 
position,  a  painted  tram,  C,  (Figs.  146  and  147)  is  placed  in  a  center-punc  t* 
mark  on  the  floor  or  engine  frame  and  a  mark,  D,  Fig.  146,  is  scratched 
with  the  upper  end  of  the  trammel  on  the  engine  flywheel,  as  shown.- 
The  trammel  may  be  of  any  reasonable  size  but  usually  it  can  be  worked 
with  most  conveniently  if  its  upper 
"  end  extends  about  3  ft.  or  less  above 
the  floor  line. 

The  engine  is  now  turned  past  the 
dead  center,  in  the  same  direction, 
until  point.  A,  returns  and  again 
coincides  with  B.  Then  the  mark  S 
is  scratched  on  the  flywheel  with  the 
trammel.  The  distance  DE  is  then 
bisected  (halved)  with  a  pair  of  divid- 
ers and  a  mark,  as  at  F ,  is  scratched 
«m£p«  sum-"'  at  the  bisection.     The  engine  is  now 

turned  until  the  point  F,  coincides 
in ingir*  Bast  «■  rioor -  -  -  -  **  with  the  upper  trammel  point.  The 
engine  is  then  on  one  of  the  dead 
centers  (head-end  dead  center  in 
Pig.  146).  The  other — crank-end— 
dead  center  is  diametrically  opposite  the  one  just  located  at  F.  To  mark 
the  other  dead-cenfer  point  on  the  flywheel,  measure  the  circumference 
around  the  face  of  the  wheel  with  a  steel  ta  half  the  circumfer- 


atch  a  mark,  as  G,  at  the  c 


it. 
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nfng  direotioi]  is  tie  reverse  of  that  indicated  by  the  arrow, 

i  '  i ■  ii-i-  It >r  riling  I).     In  any  case  when  setting  the  engine  on 

Wter,  after  locating  the  middle  point  F  on  the  wheel,  turn   the  wheel 

tadraud  through  about  JJ  turn  hefnre  finally  bringing  the  middle  murk 

f  up  lo  the  trammel  point. 

Nora.— A  Method  Ow  Placing  An  Engine  On  Dead  Center  By 
fwvo  A  Stationary  Marked  Instead  Ok  A  Trammel  is  shown  in 


I  irst  poaiLion. 
f'  tkniiAl  be  riciilly  find. 
•*<•*  wined  on  flywheel  at  D. 

I  19  and  150.  This  method  inny  be  more  convenient  where 
"♦marker,  P,  can  be  fastened  rigidly  to  some  stationary  object  which  is 
the  flywheel  rim.  The  geneml  procedure  with  this  is  the 
ww «  wild  i hi-  trammel  method  u  hteh  in  described  above.  The  refer- 
fw*lellrre  used  in  the  triimniel-metlmil  inscription  also  apply  to  Figs. 
UgfeUD. 

\  Convenient  Method  For  Setting  A  Vertical  Engine 

1   i  nter  (Troy  Engine  Co->  is  illustrated  in  Fig.  151.    Turn  the 

">VM  to  near  dead    center.      Mark 

■■'',  on  the  frame  with  a 

With  a  tram  (which 

n»y  be  a  w  ondeii  slick  having  a  nail 

■>>  each  of  its  ends)  and 

*itn  P  an   a   center,   scribe    point  .S 

»o  the  rim   of   ihe  "heel.     Spot  »n- 

punch    mark,  .1,  on  the 

BUA      Willi    a   pair  of   dividers,  or 

mother  tram,  and  with  A  as  a  center, 

leribe   arc    R  on   !l roeshead.     All     1|IJ    15n- 

of   (he    fnrrguing    are    shown    in    /,      '        *™"; 

■  I ah  (lead  center  and  until  tin-  crossheiid  returns 

ce  II),  the  distance  AH  being  the  same  as  in  /, 

Tkti  again  with  /' as  a  center  and  with  the  first-used  I  ram,  ■icribc  n  st I 

•ark  T  on   the   in. i  <il    rl,i    wheel,      With  dividers  locale  the  point, 
■   dway  between  .S  and  T.     Turn  Hie  win el  until  tin    I 
a  III      The  engine  will  then  be  on  dead  ■- 
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Caution. — When  Settino  Valves,  The  Flywheel  Must  AlwaTB 
Be  Turned  In  The  Same  Direction  to  any  desired  position.  By  so 
doing,  compensation  for  looseness  in  bearings  is  automatically  afforded. 
Thus,  if  the  Rywheel  is  accidentally  turned  beyond  some  desired  position, 
it  must  first  be  turned  back  beyond  that  position  and  then  reversed  and 


again  be  turned  forward  to  the  required  position.  If  this  is  not  do»* 
there  is  no  assurance  that  the  crosshcad  and  piston  occupy  the  prof 
positions  with  respect  to  the  crank. 

164.  An  Accurate  And  Convenient  Method  Of  Setting   -^ 
Eccentric  "On  Center"  (Figs.  152  and  153)  in  order  to  find  tt 


two  fxtn-nii'  positions  of  the  valve  upon  its  seat,  involve* 
1  house  of:  |1)  .1  limplel  us  shown  in  Fig.  152  to  make  a  mark  on 
(lie  {'('centric.     (2)  .1  trammel  as  shown  in  Fig.  153  to  make 

marks  on  tin-  ccccrilric  strap. 
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Explanation. — Place  the  templet  on  the  eccentric  hub  (if  hub  is  not 
machined,  use  the  templet  directly  on  the  shaft)  as  shown  dotted  in 
Fig.  152  and  slide  it  around  the  hub  until  a  nail  inserted  through  the 
bole  in  the  templet  comes  in  contact  with  the  edge  of  the  eccentric,  as  at 
a  and  B.  Then,  using  a  pair  of  dividers  adjusted  by  trial  to  the  proper 
radius,  describe  the  arc,  C,  with  point  A  as  a  center,  and  the  arc,  D,  with 
point  B  as  a  center  so  that  the  arcs  meet  on  the  edge  of  the  eccentric  at  E. 
This  point,  Ef  is  then  the  point  of  the  eccentric  farthest  from  the  shaft 
center. 

Toftad  corresponding  reference  marks  on  the  eccentric  strap  (Fig.  153) 
» center-punch  mark,  H ,  is  made  at  any  convenient  point  on  the  center 
line  of  the  valve  stem  as  shown.  Holding  one  end  of  t  he  trammel  in  //, 
the  area  S  and  T  are  scribed  with  the  other  end.  Arc  S  and  arc  T  inter- 
act the  eccentric  edge  at  points  U  and  V  respectively.  Now,  using 
points  U  and  V  as  centers,  arcs  P  and  Q  are  drawn  with  a  pair  of  dividers 


Arc  -i 


S  \'Arc 


^.'•Trammel 


'*°-  153. — Application  of  trammel  in  finding  the  tload  ocnterH  of  un  occontric  strap. 

•djuated  to  the  proper  radius  so  that  P  and  Q  intersect  at  the  eccentric 
*d|e  at  X.  Then  X  is  one  required  reference  mark  on  the  eccentric 
"trap.  To  find  the  other  reference  mark  of  the  eccentric  strap,  the  arcs 
rtand  W  are  scribed  from  points  U  and  V  or  from  //.  Then  from  the 
potnteCr  and  K  where  A. and  W  strike  the  eccentric  edge,  ares  /  and  ,/  are 
Ascribed — as  were  P  and  Q — that,  they  intersect  at  the  eccentric  edge  at 
point  Z,  which  is  the  second  reference  mark  on  the  eccentric  strap. 

The  eccentric  is  in  the  "on-center"  position  (the  valve  in  its  extreme 
position)  when  point  E  (Fig.  152)  coincides  with  either  point  X  or  Z 
(Kg.  153).  The  point  E  should  bo  marked  on  the  eccentric — and  the 
points  X  and  Z  should,  after  they  have*  been  located,  be  marked  on  the 
eccentric  strap — with  a  cold  chisel.  This  will  facilitate  future  adjust- 
ments of  the  valve  and  eccentric. 

166.  The  Setting  Of  Steam-Engine  Valves  or  the  adjusting 
of  the  valve-operating  mechanism  can  he  accomplished  in  two 
ways: 

(1)  By  observing  the  operation  of  Ihv  rulrv  when  th  ;' 
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removed  from  its  chest  and  as  the  engine  is  turned  by  applyinf 
external  force  to  the  flywheel.  This  method  of  setting  valve) 
is  frequently  called  setting  by  measurement.  Sometimes  i 
is  possible  to  watch  the  movement  of  the  valve  past  th< 
port  edges  and,  in  the  proper  positions,  to  measure  tin 
length  of  the  port  opening;  such  valves  may  be  set  bj 
direct  measurement.  With  certain  other  engines  these  opening! 
must  be  measured  indirectly  (Sec.  156)  or  by  making  templeti 
or  working  models  of  the  valve  and  its  seat;  indirect  measure 
ment  setting  is  necessary  for  these  engines.  Setting  ty 
measurement,  because  of  the  many  influencing  factors  ii 
steam  engine  operation,  is  not  subject  to  rigid  rules  and 
therefore,  is  not  sure  to  produce  the  best  results  in  every  case 
It  is,  on  the  other  hand,  a  relatively  rapid  and  reasonably 
certain  method  for  setting  slide  valves.  This  method  i 
discussed  in  following  sections. 

(2)  By  studying  steam  engine  indicator  diagrams  taken  fron 
the  engine  and  making  changes  which  seem,  after  this  stud} 
to  be  necessary.  This  method  requires  a  thorough  under 
standing  of  the  relations  between  the  valve  mechanism  am 
the  indicator  diagram,  which  is  treated  fully  in  Div.  3.     Thi 

method  is  likely  to  b 
slow  and  cumbersome  a 
first  trial.  But,  afte 
some  experience,  on 
learns  to  set  the  valve 
quite  rapidly.  It  is  th 
only  method,  howevei 
which  insures  certaint1 
of  valve  adjustment.     I 

iimtoV ■mliiiiMion  vnlvt*  whcro  tho  ryliiulor   ports     should,  therefore,  be  USe< 
m  not  noc^iMo.  to   ^^  ^  ^  ^.^ 

of  all  valves  even  when  a  preliminary  sotting  has  been  made  b; 
measurement. 

156.  The  "Indirect-Measurement"  Method  of  Ascer 
taining  Valve  Operation  must  W  employed  whenever  tin 
valve  ports  are  not  accessible  for  direct  observation.  A 
piston  valves  are  generally  of  the  inside-admission  type 
they  are  the  ones  to  which  this  me!  often  applied 


/nside  Admission 
Valve..     .. 


Steam 
Space 


„  \  '  '.  Fir/     *\  -  t  C.f.  !:r%trr    J\,rf.- 

Km.    1M,      llluwtrntintf   method   of   not t inn  an 


What  tcmJ^  [* 
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TV  method  is  explained  below.     S*c  alsn  the  example  under 
terein  the  setting  of  a  piston  slide  valve  by  an  indi- 
■■  in,  :ii. i, I  i-  described. 

Htm.    -After  the  v;dve-chcst  cover  is  removed  some  line,  such 
«i,Rg.lW,  i.  .ill-,  i.  (I  n.s  ;i  reference  point,  from  which  in  ensure  me  ills 
vrfihe  Uken.     The  line,  A ,  must  be  so  chosen  that  it  will  not  be  covered 
br  liwvilve  »t  nny  time  during 
«i  motion.     The  distances,  AB 
a&AK,  are  then  measured  ao- 
mtiWy  with  a  steel  scale  while 
ih'  vulve    i»  removed  from   the 
the    lengths   of  the 
*ilv»  from  C  to  F  and  from  C  to 
wed.     The  valve  i 
fceed  into  the  seat. 
Tlii!  edges  f  mkI  B  of  the  valve 
urf  irat  may  then  be  placed  to 

■  loving  '.bo  valve  unlil  the  distrmec  from  -1  in  C  or  AC  — 

^  -  IT.     Likewise  the  edges  D  and  E  will  coincide  when  AC  -  AE  - 

exact    opening  of  the  cylinder  port  :iL  any  lime  can  also  be 

similar  measurement  to  the  face,  C,  of  the  valve. 

humc— II   (Kg.    155)  AS  -  s  in.,   CF  =  2H  in.,  and  when  the 

"tin*  is  on  dead  center  AC  measures  5}>i  in.,  what  is  the  lead?    Solu- 

tliiv  -iM,y,„„-|v.     the    kad  =  S  -  (5H   +  2'ii   -  6  -  7Ji  -  '  .  '"■ 


■  Radius 


17.  The  Templet  Method  Of  Ascertaining  Valve  Opera- 
l  ii  a  modification  of  the  indirect-measurement  method, 
s  (Fig.  156),  or  full-size  working  models,  of  the  valve 
in  from  thin  material  such  as  sheet   metal, 

d,  or  thin  u 1.     Trin plets  nl  inaccessible  valve  witts 

itients.     Tem]>lets  of  va 
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accessible  seats  may  be  made  by  placing  the  templet  material 
with  its  edge  against  the  valve  or  seat  (Fig.  156, 1),  and  marking 
the  working  edges  directly  from  the  valve  or  seat.  After  th-«3 
templets  are  made,  the  valve  may  be  replaced  in  its  chest  an<3 
set  into  its  midtravel  position  (Fig.   157)  either  by  direct* 


Templet 
Of  Piston 
Valve 


Dividers 

:Board  Kept  Near  Engine     : iap 
'  For  Use  In  Setting  Valves 


,  Piston 
Valve 


Templet  Of  Valve 
Seat  Tacked  To  Board 


MM: 


Center  Punch.  .' 
Marks    p--1 


I-  Position  Of  Templet*         n-Position  Of  Volve  In  Seat 
Fia.  157. — Method  of  establishing  marks  for  setting  a  slide  valve  with  templet*. 

observation  or  by  indirect  measurement.  In  this  position 
the  laps  at  the  two  ends  of  the  valve  should  be  equal.  The 
valve-seat  templet  is  then  tacked  to  a  board  and  the  valve 
templet  placed  against  it  (Fig.  157,  7)  in  the  same  relative 
position  as  the  valve  in  the  seat.     Punch  marks,  P,  are  then 


Fi  *ed         . .  ■  D  !\  ■  idf.s 
Mark  On  a 

Board  cJh    _  Templet  Of 
:  Pis  ton  Valve 


■  -^  -  X>C  .x   V. 
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■*<-Lead  lv 

■'    '     VxA'      '     '      '      *x*    k '      k '     '     *^ 

\  '     ■    XX  x.     -  \    X N      x    X  "x    * 


■  ■  i  >     >  >' 


"Vi»     H  iijmi  M^ 


Valve- Seat 
Temc'et 


'Piston  Valve 


I- Position  Of  Templet* 


II- Position  Of  Valve  In  Seat 


Fio.   138. — Method    of    determining    lead    when    setting    a    slide    valve  by    means  of 

templets. 


made  on  the  valve  chest  and  the  valve  rod  a  convenient 
distance  apart  (4  in.  in  Fig.  157,  77).  Similar  marks,  Af, 
are  made,  as  shown,  on  templet  and  on  the  board. 

Once  these  templets  r  tde  and  marked,  future 
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vilw adjustments  can  be  effected  without  removing  tin'  valve 

r      Likewise  (Fig.   158).  the  position  of  the  valve 

apoo  im  seat  can   be   determined   at  any    instant — as,   for 

during  adjustment — simply   by  making  equal   the 

V.  between  the  two  pairs  of  marks.     See  also  the 

maple  under  See.  167  which  describee  how  wooden  battens 

■■■  id  instead  of  templets. 

1S8.  Adjustment   Of  A  Slide-Valve   Mechanism   Can  Be 

Effected  In  Only  Two  Ways:  (1)    By  changing  the    position 

■ .!  :r  m  the  arank  shaft,  thus  changing  the  angular 

ii  the  eccentric.     (2)  iiy  changing  0ie  potitim  of  the 

nfa  upon  tt.i  ttai  for  any  eccentric  position.     This  is  done  by 

■taring  the  total  length  from  the  eccentric  center  to  the  valve, 


ired  along  the  valve  mechanism,  that  is,  by  changing 
e  length  of  tfu  valve  stern.  Evidently,  this  length 
BU  I"'  changed  by  altering  either  the  distance  from  the  eccen- 
tao  center  to  the  valve  block,  or  the  distance  from  the  block 
te  the  valve.  Each  of  these  distances  may,  with  certain 
ttginefl  be  altered  at  either  of  the  two  ends  of  the  rods  which 
Maintain  the  distances  On  other  engines,  adjustment  ie 
provided  only  al  one  end  of  the  valve  stem  or  eccentric  rod 
;  end  of  each.  Figs.  159  and  Kit)  show  means 
r<>\  uli-d  for  this  adjustment. 


•■■  i  ii    P-GoVERNl   0   I.  -.'■['.  I-      Til!      \  '•'■ I    Am  AX  II : 

ii.n,   that   i-    -l.he  ecrentrit   position   is  li\i-d  by   the 
rrmr        tri   them  engine*    the  valve    i*  hIivihiimIv   (inly   mijiietable  by 

K  the  effective  length  "ft! e  ecu  trie  rod  nntl  >/alve  stem 
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159.  Table  Showing  Effects  On  the  Steam-Engine  Cycle 
Of  Slide-valve  Adjustments  For  The  Outside -admission 
Slide  Valve. 


1 


Effect  on  valve  events 


Adjustment 


End  of  . 
|   cylin- 
der 


A^i*"    Cut-off  Release  J^ST. 
sion  prcr—^" m 


Head     Later       Earlier  ,  Earlier   Later 


Lengthened 


Crank     Earlier    I<ater      Later    !  Earlier 


Valve-stem  effective  length 


Head     '  Earlier    Later      Later    !  Earlie~ 


Shortened 


Crank     Later      Earlier    Earlier   Later 


Head       Earlier    Earlier    Earlier 


Increased 


Crank     Earlier    Earlier    Earlier 


Angular  advance  of  eccentric 


Earli 


! 


Head      Later      Later    ,  Later      Later 


Decreased 


Crank     Later     -  Later 

I  ! 


Later    .  Later 


Note. — To  Use  The  Above  Table  For  Inside- Admission  Valvw^  ^ 
bear  in  mind  that :  (1)  Effects  of  changing  effective  valve-stem  length 
opposite  to  those  given  in  the  tabic.  (2)  Effects  of  changing  the  ai 
position  (advance)  of  the  eccentric  are  the  same  as  for  outside  admission*""^  ** 
slide  valves.  It  must  not  be  forgotten,  however,  that  for  inside-admisuiuL  ^  ** 
valves  (Sec.  151)  the  angle  of  advance  is  measured  in  the  direction  ofc^^-* 
rotation  from  a  line  90  deg.  behind  the  crank  position  to  the  line  of  the^^  -*c 
eccentric  position. 


160.  In  Setting  The  Valves  Of  A  New  Engine,  before  putting 
the  engine  into  operation,  do  not  at  first  change  or  disturtc^^ 
any  adjustments  of  the  valve  mechanism.     Remove  the  steam- 
chest  cover  and,  turning  tin?  engine  by  hand,  watch  the 
of  the  valve  upon  its  seat.     With  piston-valve  engines  th< 
indirect-measurement  method  (Sec.  156)  must  be  employed— 
Valve  and  seat  dimensions  majr  be  obtained,  without  removing 
the  valve  from  its  seat,  by  consulting  the  engine-maker's 
blueprints.     If,  upon  examination  of  the  valve  action  with  tin 
cover  removed,  it  is  thought-  probable  that  the  engine  will  mi 
with  the  existing  adjustment,  replace  the  cover  and  start 
engine.     If  desirable,  the  engine  may  be  started  without  fii 
examining  the  valve  operation,  as  no  harm  can  result  even  r 
the  valves  are  not  properly  set.    Then  equip  the  engine 
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and  take  cards  first  under  no  load  and  then  with 

paiually  increasing  loads.     Engine  builders  usually  carefully 

valves  for  their  correct  operation  before  shipping 

tf,   howevei    (Sec.   112)   the  indicator  diagrams 

twil  faulty  Valve  motion  and  net  until  then  it  may  be  BOBr 

■  i  n.ljiist  fmiit  is  necessary.     The  adjustment  should 

(>c  made  in  accordance  with  builder's  instructions.     If  these 

"I'tnidioiis  were  not  sent  with  the  engine,  they  should  be 

I       (rotund  by  writing  to  the  factory.     If  valves  must  be  set 

[       ""(bout  specific   instructions   from   the   engine   makers,   the 

"i"  niooeediug  sections  may  be  employed. 

161.  In  Setting  The  Valves  Of  An  Old  Engine,  it  is  advisable 

'"procure  the  manufacturer's  instructions,  if  possible,  and  then 

to  make   the   adjustments  as  recommended   by   the  manu- 

If  it  is  impossible  to  obtain  factory  instructions, 

Eba  valve  may  be  set  as  hereinafter  explained. 

162.  All  Slide  Valves  May  Be  Set  For  One  Of  Three  Con- 
ditions, any  of  which  may  give  satisfactory  operation.  The 
'■It-ul  setting  of  engine  valves  is  not  attainable  with  a  single 

iiise  of  the  angularity  of  the  connecting  rod  (Sec. 

>2).     The  setting  of  a  slide  valve  must,  therefore,  be  a  com- 

The  valve  may  be  set  for:  (1)  Equal  leads  at  both 

'jsof  the  stroke.     This  setting  will  make  all  events,  especially 

,  unequal  for  lite  two  ends  of  the  cylinder.     (2)  Equal 

*l-aff«,  in  per  cent  of  stroke,  during  the  forward  and  return 

roket.     This  setting  will  make  all  of  the  other  events  unde- 

rably  unequal  for  the  two  ends  of  the  cylinder.     (3)  Inter- 

koeen  equal  leads  and  equal  cut-offs.     By  setting  an 

l  at  the  crank  end  of  the  stroke  than  at  the 

I  end,  Ihe  cut-offs  are  made  more  nearly  equal  for  the 

rward  and  return  strokes.     Setting  slide  valves  for  each 

conditions  will  be  discussed  separately  in  following 

163.  The  First  Step  In  Setting  Any  Slide  Valve  Is,  therefore, 

i    it    is  In  be  set    for:  (1)   Equal  leads.     (2) 

iJ  cut-off*.     (8)  Intermediate  between  equal  leads  and  equal 

li   ii  ill;    niak  -  little  difference  which  condition  is 

An  engine  will  probably  operate  most  quietly  when 

i.il    leads.      When    set    for    equal    cut-offs,    it.    will 

e  most  economically.    A  setting  iutetmcdwAft 
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between  (1)  and  (2)  provides  reasonably  quiet  operation  and 
good  economy.  But,  in  any  case,  the  difference  in  the 
operating  results  obtained  from  any  of  the  three  methods  of 
setting  is  usually  very  pmall.  Therefore,  since  setting  for  equal 
leads  is  the  easiest  of  the  three,  this  condition  is  usually  sought 
by  operating  engineers  and  is  frequently  recommended  by 
engine  builders,  especially  for  small  engines.  For  large  engines 
condition  (3)  above  is  usually  recommended.  For  vertical 
engines,  the  lead  on  the  top  or  head  end,  is  usually  considerably 
less  than  on  the  bottom  end  because  the  cut-offs  are  so  more 
nearly  equalized  and  because  the  weight  of  the  reciprocating 
parts  acts  against  the  steam  pressure  on  the  up  stroke. 
Checking  valve  settings  with  an  indicator  is  always  the  safest 
method  of  determining  the  proper  leads  for  any  given  engine. 
164.  In  Setting  A  Slide  Valve  For  Equal  Leads  One  Must 
First  Decide  Whether  It  Is  To  Be  Set  For  "Design-Deter- 
mined Equal  Leads"  Or  For  "Selected  Equal  Leads."— By 
design-determined  equal  leads  is  meant  equal  leads,  be  their 
amount  what  it  may,  the  dimension  of  which  was  pro-deter- 
mined by  the  designer  of  the  engine  and  for  which  the  angular 
advance  of  the  eccentric — or  its  equivalent — has  been  per- 
manently fixed.  Hence,  setting  a  slide  valve  for  design- 
determined  equal  leads  involves  only  changing  the  valve- 
stem  or  eccentric-rod  effective  length  until  the  leads  at  both 
head  anil  crank  end  an*  equal.  To  alter  the  amount  of  the 
equal  leads  which  was  thus  predetermined  and  fixed  by  the 
designer  of  the  engine,  would  necessitate  changing  the  angular 
advance  of  the  eccentric  on  the  engine  shaft.  This  would 
necessitate  the  cutting  oi  a  new  shaft  keyway  or  otherwise 
making  mechanical  changes  in  the  engine  which  would  involve 
more  work  than  mere  adjustments.  By  seUeted  equal  leod* 
\<  meant  equal  lead*  the  dimension  of  which  is  selected,  by 
following  a  rule  as.  for  example,  that  of  Sec.  165»  by  the 
person  who  i*  sotting  the  valve.  Setting  for  selected  equal 
load*  ptvbab!\  involve*  not  only  changing  the  valve-^tem  or 
eccentric-rod  effective  length  but  also  changing  the  angular 
advance  of  the  eccentric. 

V»nc-  Is  Sstonm  Til*  \  v.  \t  Oy  A  Skaft-Ooverxed  Exglvx  It  I* 
l"*e\n\  Pksikot.e  T.»  St  r  K  »r  Pe>u:x- Determined  Equal  Lead* 
rather  than  tor  wkvted  ixr-;*!  '.e:uU.     A<  explained  in  Set.  158,  the 
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i' ■!■"■■ i  n,i  .I  engine  is  mil  adjustable  on  (lie  engine  shaft. 

(jnji....-.ili|i',  mill  ;in  engine  hi  i ln>  type  Uj  set,  the  valve  tor 

ill-  ..'liri  limn  llii'  "iliMgn-dclciiuihed"  lend  fur  which  the  valve 
M»i»d  governor  was  originally  designed,  without  changing  the  position 
on  the  shaft     This  will  ordiiitiriiy  iu:c'snit:ite  the  cutting 
file*  keyway  in  the  shaft. 

:.  i-  Sbiaom  Advisable  To  Shot  Tiik  Eccentric  (Fly- 
liil.).  Or  A  SHArr-GovERNKD  Engine,  On  The  Enoins  Shaft. 
to  iney  appear  to  be  necessary  when  it  really  is  not,  due  to  the  governor 
Wgout  of  adjustment.  See  Div.  7  concerning  shuf t-governor adjust- 
ml.  The  eccentrics,  and  flywheels  of  shaft-governed  engines  are 
rrftilly  located,  in  relation  to  the  shaft,  by  their  manufacturers  before 
i  engine  leaves  the  factory.  It  is  therefore  seldom  indeed  that  the 
fling  of  the  flywheel — which  will  necessitate  the  cutting  of  a  new 
nsy  in  the  shaft— is  justified  If.  after  the  governor  has  been  correctly 
lu-ttil.  ud  the  lewis  are  still  of  incorrect  amount,  then  it  may  be 
a«ary  lo  shift  the  eccentric — fix  the  flywheel  to  the  shaft  in  a  new 

165.  The  Proper  Lead  For  Any  Slide  Valve  should,  finally, 
determined  with  an  indicator  (Sec.  175).  In  general, 
i  lead  may  be  set  at  about  J  32  in.  for  each  foot  of  stroke — 
t  it  is  seldom  in  any  case  that,  the  lead  should  be  much  less 
inMz  in.  That  is,  an  engine  which  has  a  12-in.  stroke  should 

■  in.  lead.  One  which  has  a  24-iti.  stroke  should 
ft  ;i  !  1  r,  in.  lead  and  so  on.  If  the  selected  lead  is  no(  I  be 
nit  one  for  the  engine,  the  indicator  will  reveal  the  remedy. 
.66.  The  Procedure  To  Be  Followed  In  Setting  Plain  Slide 
.ves   For   Equal   Leads   is   specified    in   Table    167.     This 

lies  only  to  plain  "D"  or  to  plain  piston  slide  valves; 

Iocs  not  apply,  directly  to  riding-cut-off  valves,  for  which 
172.  See  preceding  sections  for  definitions  of  the 
sign-determined  equal  leads"  and  "selected  equal 
ktways,  when  setting  valves,  turn  the  flywheel  or 
tie  in  the  same  direction,  preferably  in  the  direction 
they  will  move  when  the  engine  in  running;  see 
Note  that  by  changing  the  valve-stein — or  eccentric 
nve  length,  the  leads  at  both  head  and  crank  ends 

\     be    made    equal.     When    the    valve   npetis   an   equal 

■  each  end,  the  eccentric  rod  and  valve  rod  are 
n  of  correct  length  for  equal  leads.      By  shifting  the  eccen- 

nn  its  shaft — changing  its  angular  advance— the  amounts 
be  equal  leads  may  be  altered. 
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167.  Table  Showing  Procedure  To  Be  Followed  Id  Settintg 
Plain  Slide  Valves  For  Equal  Leads.— Read  carefully  tkko 
preceding  section. 
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Uh.  167. 

8 

1 

t 

3 

6 

r 

Meuurc  the  valve  seat  und, 
il  desirable,  inaku  templet. 
Sea.  167. 

< 

s 

• 

. 

<■■ 

a 

lleplnce  y*lvn  on  aval   arid 

3 

e 

3 

3 

r 

H 

Turn  i-mriuc  crank  to  it»  h«d- 

.■n.i     ili*il  fiTiti-F      i n 

Bnltl 

s 

■ 

• 

7 

3 

3 

• 

' 

I  .omen  eoeenlrir  anil  riilnli'  it 
on  its  sli.ll  lo  eitremc  head- 
end pih-itmn.  Hee.  1M. 

t 

7 

J 

,.T  jMiri  n|>L<iiin«  ni  ilii*  mil 
Oil  it  Li. 

i 

T 

■ 

8 

5 

8 

< 

r 

a 

3 

"1 

Rotate  the  motnlrie  to  (ho 
citrcnii-  rrr»nit  mil   |m:.itiuii. 
Sen.  IM. 

> 
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Step*  lo  be  taken 

Engine  baa  ■  throttling 
governor 

Eneino  haa  a  shaft 
governor 

What  to  do 

'keyecTtV" 
•haft 

Eccen- 
tric ii 

Flywheel  ii 
keyed  to 

i 

For 

mined 

For 

■■;.;;;  j'J 

For 

leads 

For 
mined 

Foe 
equal 

1 

I 

i 
1 

11 

in 

1 
i 

IV 

■a 

j 

1 

a 

| 

VII 

1 

1 

i 

IX 

! 

i 

X 

; 
1 

j 

i. 

Turn    engine     crank    io    iu 
crank-end  dead'eentcr  posi- 
tion. Bee.  1  ->:i. 

■ 

s 

6 

• 

B 

8 

> 

10 

it 

Meaaure    the    lead    or    port 
oiwnina   at  thil  crank  end. 
Call  it l,i. 

s 

s 

„ 

7 

10 

u 

9 

8 

11 

■ 

Calculate  the  ditferenea  l><-- 
twwn  Li-and  Li. 

7 

II. 

S 

H 

a 

11 

7 

10 

0 

\2 

■> 

So    change    the    valve-etem, 

■  ■!>-.:'iv.-  linistl.  :li!'.'  Mi.:  li-.ul 
1.,  t.ill  he  c.|U»l  1.1  both _L™d 

IhslL?-  laVTuA  The 
valve-stem    eltective   length 
mint  be  -hanged  by  H  the 

'which  wail  found  in  V      Wee 
Sec.     168.  the    Dots    below 
and  the    following    einmplen 
Thii    ihould    eomplole    the 
valve  adjuatmenl  for  deai.n- 

I 

• 

- 

a 

u 

> 

" 

,. 

„ 

p 

craak'CDd  dead-cenli>[  posi- 

- 

10 

13 

10 

13 

Q 

Holate  the  eccentric  on  the 
ib aft  to  change  the  lead  to 
the  (elected    dimenpion,    u 

» 

14      11 

II 

R 

Futen  the  eccentric,  securely 
to  {he  engine  abaft  in  tbia 
new  position.  See.  161. 

.\^„\Jr 

8 

Rctalo  Hjmheel  on  abaft  to 
change  thn  lead  to  lb«  ra- 
■ciiif.L  ilimcnaton. 

■-H4-I4- 

11 

H 
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5^1 


Bi 

Step. 

„i„ 

take. 

0"""°° 

■art 

'-"HSi" 

1 

Eccentric  la 

k! 

Flywheel  in 

1 

3 
1 

What  tu  do 

For 

i-.'iri.'.  1 
equal 
k-.ti. 

For 
equal 

For 

,fl,,.-|rd 

For 

mined 
lead. 

Kleettd 

leadt 

1 

I 

1 

1 

It, 

B 
I 

1 

III 

| 
1 

O 

1 

i 

1 

V 
"I 

I 

VI 

1 

I 

VII 

1 

I 

VIII 
1 

IX 

1 

I 

I 

'T 

Fa-ten  novrrnor  fly  wheel  te  m- 
l>.ir»rily.     hut     aecurely.     lo 

1 

,. 

is 

■ 

For     a     check,    turn    en*inc 
crank  to  \U  head-end  d*M- 
thcleadiitthiaendalM.. 

B      13 

" 

ie 

a 

u 

* 

11 

13 

« 

V 

li    III.     |.,.l,    ;■'    tl„.    11.,,    ..,„(- 

am  not  equal,   repeat  such 
»lcp«  a*  you  touk,  between// 

l.'.'„,l.  :.r'.'",.,('lV«I  f.-'./li  ,-N.i" 
Till*   »tr|i   ahoiilrl   !»■   iinncc- 
wtrr.      Thin     rfp.-titir.ti     i. 
mad- ti.™-ary  inly  l»  i-arc- 
!,-■,    aJju-tmrnt    or    by    the 

after  adjustment 

I 

13    14 

1 

17 

14 

IT 

u 

13 

14 

J» 

W 

SS-""""""" 

11 

18 

» 

a 

11 

14 

u  |  at* 

X 

Check  your  valve  Kiting  with 
en  indicator;  see  Sec.  ift. 

12  ;   IS    16    10 

ia 

» 

13 

IS 

IS  1  *• 

Y 

lJueo*ine  abaft,  Uneweaar*, 

■■ 
13 

■       " 

30 

1 

.  Cut    new   rovrrnor    flywheel 
key  way.  ip  HwJM  abaft   in 

!    Stet.  104  auil  174. 

■ 

u 

IS 

i; 
ts 

.-■ 

A 

.Make  telve-efttin.  ri-ferri.ee 
tram   and    •put    Iram-rcfer- 
eurc   mark,  on   valve  .ten. 
and  «tumna  hoi.     These  arc 
lo  inaure  rapid  future  rrnrt- 
■iiiri  of  id-  valve. 

18 

la 

,1 

" 

20 

-i 
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■       8i 


I'M 


■   Is  Ow 


Moi 


rioa  Than  l\  THb  First,  ii  is  ;in  indication  thia 
B-jilim  only  to  direct  or  outside  admission  valves)  that  the  valve  stem 
•'  lun(  and   that  it   must   lie  shortened  by   Vj    the  difference  in  the 

i::.,iir,l.  ill    I.  In-  l.-uls.        If  !)',■  Ir.nil  l.~  !rx«  in  III,    g,  rtim I  ilwI-Cvitli  r  jHisi- 

urn  (tan  in  the  first  or  if  the  steam  port  is  not  uncovered  at  all,  the  valve 

must  be  lengthened;   thus:   (n)  if  the  steam  port  is 

'poii!.  ilii'  valve  item  must  lie  lengthened  by  Li  the  difference  between 

t!*l™di  it  the  two  ends)  <lf)  if  the  steam  port  is  not  opened,  the  valve 

■  li  tigi  liened  by  >j  the  amount  by  which  the  valve  falls  short. 

phu  }-i  the  lead  at  the  first  dend-eenter  position.     After  tlie 

'■hetlem  has  been  lengthened  by  the  correct  amount  as  directed  in  (6) 

lie  idve  may  not  show  any  lead  at  all. 

RunrtE. — Setting    The    Valve    Of    A    Throttlino-Governeh 
hMB>Intucv-VAL,vi  (Piston- Valve)  Enotne  Foil  Selected  Euuat. 


•*«».     Eccentric  Is  Not   Keyed  To  Shaft.     Follow  the  steps  of 

i     Table  1(17.     The  exhaust  ports  are  not  shown  in  any  of  the 

in  thii  example.     (1)  Select   the  equal  lead,  which  will  be 

**|MI||1  by  "/„,*'  for  which  you  wish  to  set  the  valve,  as  directed  in 

Mmune  ilnit    ii  is  to  be  Ha  in.      (2)  Establish  arid  mark  the 

tlmd-cerili-r  position  on  the  engine  flywheel  as  directed  in  Sec.  153. 

;ii  kVmove  the  vnlvc-chest  covers.      Ml  Remove  the  valve  and  meas- 

il-iI,,  1",  ax  shown  in  Fig.  181,  of  the  piston;  say  it  is  24  in. 

me  with  a  combination  square,  us  shown  in  Fin.    lli'J.thc 

■  the  inner  edge  of  the  steam  port.  Call  the  distance  .W;sny  it 
li  the  steam  chest  is  not  rdik..  at  both  ends,  measure  similarly 
tile  corresponding  distance  .1/  for  the  other  end  of  ilie  chest, 

■  ■  mid  connect  i!  ill  proper  ruiniiun  order 
he   valve  ■Inn  will  be   adjusted    to  proper    effective 

'"'Kth  in  the  next  step". 

■  a  the  eccentric  in.  I  rutulr  ii  mi  the  engine  sh  nil  to  its  extreme  4 

■    •   nbown   in    l''i«.    If.:!;   sit  See.    I.'l        It    i-    d 
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that,  in  this  step,  the  steam  port  be  opened  wide  as  the  only  object  of  the 
step  is  to  insure  that  the  valve  opens  both  the  head-end  and  the  crank* 
end  ports  by  equal  amounts.  (8)  The  amount,  or  its  equivalent,  br 
which  the  head-end  port  is  opened  is  determined  by  indirect  measurement 


.-Steam-Chest 
Cover 


Vatve 
Stem 


Eccentric 
/  Rod 


Engine 
•  Steam  fbssayes  Shaft 

Fio.  103. — Eccentric  in  head-end  extreme  position. 

thus:  The  eccentric  being  in  its  extreme  head-end  position,  as  in  Fig.  163. 
set  the  combination  square  as  shown  in  Fig.  164  and  measure  the  distance 
N\  say  it  is  %  in.  Then,  at  this  head  end,  the  port  opening,  L\  »  Af 
-  (AT  +  V)  -  4K  -  (H  +  2H)  -  4M  -  2H  -  1%  in.,  asshownia 
Fig.  164. 


Piston 
Vaire*. 


Lt'Equivatent  / 
PortC 


Qoening 


Fio.  164.— Measuring  Li  for  head  end;  Lx  -  M  -  {N  +  F). 

(9)  Rotate  the  eccentric  on  the  engine  shaft  to  its  extreme  crank-end 
position,  as  shown  in  Fig.  165.  (10)  Measure  the  lead,  I*>  for  this  crank 
end  by  the  same  indirect  method  as  that  which  was  used  for  the  head  end. 
If  this  Lt  happens  to  be  the  same  amount  as  Lu  the  leads  are  equal  at 


*S*a*»/tor*  Ctocr 

y    $tt*r*Stiqpfyfijpe 


6V«* 
'SJbc* 


Fra.  IW. — Eccentric  in  crank-end  extreme  posiu*>c_ 


both  ends  which  shows  that  the  valve-st-— 
But  if  they  are  not  equal,  the  valve-ste 
Assume  that,  in  this  example,  the  crai 
measure  I1?  in.     (IV  Then,  to  beeq 


-^-ctive  length  is  correct. 

have  to  be  changed. 

ing,  L*.  is  found  to 
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121 


■I  Edgt% 


h    changed     to     L,  =  (L,  +  Z.-}/2  =  (1«£  +  ljf )  +  2  -  31$  +  2  = 
iX.ia. 

tfci  tbeop«ningi  l0iVn.aleachond,thcva]ve^stcmcffcctive 
tanClb  roust  be  changed  by  an  amount  equal  to  half  the  difference  between 
L,  tod  L,  =■  ;  I  \  -  1 ' ..  ■  +  2  =  H+2-Ha  in.  IE  the  head-end 
pan  is  opened  Ihe  widest,  the  valve-stein  should  be  shortened— if  there 
a  no  rocker  arm  in  the  valve 
iwehsiiijnL  If  the  crank-end  port 
■tpBcd  fiirt herest ,  then  the  valve- 
jirm  lenglh  should  be  lengthened. 
v  alve-etem  effective 
Ia0l  hn  iIiiib  been  changed  by 
H  in.,  then  its  length  insures 
i  rink-end  and  he.id- 
fh'1  ite*m  ports  will  always  have 
«l"*l  leads;  this  regardless  of  the 
'he  selected  lead,  the 
siting  [or  which  is  made,  in  the 
"(mil  step  following,  by  crank- 
■"I  liw  angle  of  advance  of  the 
"wtUrir. 

:■'  engine  to  its  crank- 
wd dad-center  position.     (14) 

'limp:  t.lie  angle  of  advance  so  that  the  equal  lend  at  both  crank  and 
"Wlends  will  be  the  selected  lead,  L.  =  H-i  in.  Proceed  thus:  .Set  the 
"''iiUriiitiuii  square,  as  shown  in   Fig.    ltitj,  sci  that  the  extending  por- 

I  ihe  blade,  P    -  1sKj  in.     That  is,  from  Fig.  16(1,  P   =   M 

-  *H  -  <2H  +  Hi)  =  4«  -  2'Hi  -  l3Hi  in.  Rotate 
^  ween  trie  on  its  shaft  to  the  crank-end  extreme  position,  as  shown  in 
Flare  the  extending  Made  of  the  eomliinat  inn  square,  which  has 
*«*t  at  1*Hj  in.  as  just  described,  into  the  valve  cylinder  as  shown  in 
[{otitic  i  lii'  eccentric  on  its  shaft  in  the  direction  the  engine  is  to 


intil  the  left  end  of  the  valve  is  just  about  to  leave  the  Bquare- 
The  eccentric  should  now  be  in  I  hi- correct  position  for  rierina- 
t  setting  for  the  sclcli'']  le:id  of  1.,^  in,  (15)  Fasten  the  rnvnlm- 
«Iy  to  the  shaft  in  thus  new  position;  the  valve  should  now  be 
r»|H.rlv. 

,}  ft  i-le-i  k  the  setting  for  accuracy,  turn  the  engine  to  the  head-end 
;n(cr  position  and  also  measure,  an  described  in  II,  the  lend  nt  *.hi« 
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end.  If  the  valve  chest  is  not  the  same  at  both  ends,  it  will  be  necessary 
to  reset  the  combination  square  accordingly,  in  order  to  make  the 
measurement.  (17)  If  the  lead  at  both  ends  is  now  the  selected  lead  of 
M%  in.,  you  are  through.  If  it  is  not  M2  in.  at  both  ends,  you  have  made 
some  error  and  if  so  repeat  the  necessary  preceding  steps  until  the  lead  at 
both  ends  is  }<*2  in. — or  is  the  selected  lead  whatever  it  may  be. 


**%:  End  Graduated 
5  fee/ Scale 


Lock 
Nut* 


-Guide  Rod  ^_  , 

Shaft* 

*"-  -Li«  Lead,  Or  bead  Equivalent,  With  Valve 
In  Extreme  Head-End  Position 

Fia.   168. — Determining  L\ — eccentric  of  a  plain  slide-valve  engine  in  extreme  head-end 

position.     (Exhaust  port  not  shown.) 

(18)  Replace  the  valve  chest  covers.  (19)  Check  your  setting  with  an 
indicator,  if  possible.  (20)  If  desirable,  spot  reference  marks,  as  else- 
where explained,  to  facilitate  future  rapid  setting  of  the  valve. 

Example. — Setting  the  Valve  Of  A  Throttling-Governed,  Plain- 
D-Slide-Valve  (Direct-Valve)  Engine  For  Selected  Equal  LeaM- 
Eccentric  Is  Not  Keyed  To  Shaft.  Follow  column  V  of  Table  167. 
Sjde  Graduations  .^  A  24-inch  stroke  engine  is  to  be   »e^ 

for  equal  selected  leads.  Proceed  B£ 
follows:  (1)  Select  the  amount  f°r 
the  equal  lead:  From  Sec.  165,  *be 
proper  lead  for  an  engine  is  about  ^»  2 
in.  per  foot  of  stroke;  hence,  for  "fch18 
engine  the  proper  lead,  which  will  be  designated  by  <4L,,"  is  Ms  "*•  ^ 
Establish  and  mark  the  dead-center  points  on  the  flywheel;  see  Sec.  1*>3. 
(3)  Remove  valve-chest  cover.  ^  Loosen  the  eccentric  an*d  rotate  it>  °n 
the  engine  shaft  to  its  extreme  head-end  position,  as  shown  in  Fig.  16^- 


J! 
"'     '  '  '1  ' 


I 


,l 


'End  Graduations 

Fio.  160. — Steel  scale  having  end  fcrad 
uations.     (.Brown  &  Sharp?  Co.) 


.-L^+C-ixi^a+ed  5*t* '  Sea  'e 

v  .-OS.  de  Icx.'nr 


c^'de         Eccentric 
'  S'xk  Strap  --a 


.*.  —  (1»  .•»  -j,-  r— «r 


•vtv     ilr*— t 


Kw     170 


IVtorrv.inin*  Z.s — ^wrtrto  of  &  plais  slul«*-v:»lv*  engine  in  extreme  era***" 
orul  position       x(*\haiL»c  i>.*rt  at\»J  shown.  ^ 


,0    Measure  the  port  opouin*;.  as  sW" 
call  it  /.::  say  it  is  :\  in.     A  suvl  scaUr 
lt>9.    is   c»»n\cn*.ont    t\»r    making  s»' 
eccentric  on  tl»e  entitle  >h:*fi  ttt 
in  Kns    170.      »7    Measure  th« 


*»  K.  i*g*t  this  head  end; 

rams,  as  in  Fig- 

0)  Route  the 

mtkm  98  shown 

<L    Ifthk 
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1,  (upprns  in  be  llii  mm  amount  i»Li,  the  port  openings  at  both  ends 

w>  equal  shirk  shows  that  the  valve-stem  effective  length  is  current. 

ii'  not  equal,  the  valve-stem  effective  loiiKlh  wilt  have  to  he 

iHuijmI,     Assume  that,   in   this  example,  the  crank-end  port  opening; 

re  " lit  in.     i*j   The  difference  between  L,  and  [,,  = 

...   -  >"„.  -Mem- 

ii)  Tli en.  tn  tie  equal  ■!>   each  end,  the  openings  must  he  changed  In 

-    (*Me   +  '9i«)  -2  =  »M«  +  2  -  "M,  in.     To 

nik«ihe  openings  a}iel  in.  at  each  end,  the  valve-stem  effective  length 

mint  be  changed  by  an  amount  equal  to  half  the  difference  between  L, 

lid  In  —  >(«  -j-  2  =  Ssj   in.     Hence,   the  valve-stem  effective  length 

',  i lined   by   tj2   in.       After  the  valve-Mem  effective  length 

■■■   ii, ii-   been   tlMDged   by   J$a    in.,    then   its    length    to  insures   that 

"f    crank-end  and  bead-end  steam  ports  will  always  have  equal  leads; 

Banwdlese  rif  tin-  ,'t  mount  of  tin-  ^'h-cli'd  li-ml.  the  nHling  fur  which  i.s 

j,   1  I.  by  changing  the  angle  of  advance  of  the  eeeen trie. 


Q-SlMr 


In  "lii r i i  the  engine  to  its  crank-end  dead-center  position.  (11) 
gle  of  advance  so  Ihat  the  equal  leads  at  both  crank  and 
d  aids  will  be  the  selected  lead,  L,  —  Vf*  in.  Proceed  thus:  Place 
(•centric  on  the  shaft  about  as  shown  in  Fig.  17(1  and  rotate  it  on  the 
It,  in  the  direction  that  the  engine  is  to  run  until  I  hi' crank-end  porl  is, 
KiR.  171,  open  just  the  I  in  in.,  as  shown  by  measurement  with  an  end- 
el  scale.  (121  Fasten  the  eccenlric  securely  to  the  shaft  in 
m  new  position;  the  valve  should  now  be  aet  properly. 

shock  your  setting  for  accuracy,  turn  the  engine  to  its  heud-end 

"Wl-centor  position  and  also  measure  similarly  the  lead  now  shown  there. 

■nil  al  both  ends  is  now  the  selected  lend  of  }  in  in.,  you  are 

gh.     If  ii  is  not  i  is  in.  at  both  ends,  you  have  made  some  error  and 

tap  .it  ih'    necessary  preceding  steps  until  the  lead  at  both  ends  is 

i.— or  is  the  selected  lead  whatever  it  may  be.     (15)  Replace  the 

rcr.     (16)  Check   the   valve-setting  with  an  indicator,    if 

hie.     (ID  If  desirable,  spot  reference  murks,  u  elsewhere  explained, 

■  ■  rapid  silling  i  if  the  valve, 

-i     ..v.     I...     Vii.h     im     \    Su  m  i.i  ;,.i  hiskii.    Plain, 
Piston-Valvk)    Ejjoime    Fob    In. -I',-.  Di  muump 
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Kqual  Leads.  (This  has  been  modified  from  an  article  in  Southern 
Engineer  for  November,  1919,  to  follow  the  procedure  which  is  specified 
in  Column  VIII  of  Table  167).  When  proper  reference  marks  have,  as 
hereinafter  described,  been  made  on  the  valve  stem  and  seat,  the  valve 
may  be  set  very  readily  and  quickly.  But  when  these  marks  do  not 
appear  and  no  templets  (Sec.  157)  are  available,  the  following  method 
may  be  pursued.  The  exhaust  port  is  not  shown  in  any  of  the  illustra- 
tions. The  numbers  in  parentheses  refer  to  the  step  numbers  in  Table 
167: 

(1)  Scribe  the  dead-center  marks  on  the  flywheel  as  explained  in  S^c 
153.     (2)  Remove  the  valve-chest  covers.     (3)  Take  out  the  valve  a*x»d 

measure  the  length  (V,  Fig.  161)   of 

Valve. 


Combiner  t ton- 
Square 
8fadeh 

k 


Fiu. 


172.— Measuring  lead.     .V  -  X  +  V 
+  Lx  or,  Lx  -  A/  -  (X  +  V). 


its  piston  portion;  say  it  is  2)4 
(4)  Adjust  a  combination  square  *° 
the  length  shown  in  Fig.  162  wi.**1 
the  inner  end  of  its  blade  agair3-^t 
the  inner  edge  of  the  steam  po^"*i 
measure  this  distance,  M;  say  it>   J& 
4H  in-     If  the  chest  is  not  alike   -^ 
both  ends,  measure,  similarly,  fcfce 
corresponding    distance    for    tM*e 
other  end  of  the  chest.     (5)  Ifce~ 
place  the  valve  in  its  chest  ao<* 
connect  it  in  running  order  to  the 
valve  stem.    (6)  Turn  the  engine 
in  its  running  direction  to  exact 
head-end  dead-center  position. 
(7)  Measure,  with  the  combination  square,  as  shown  in  Fig.  161,  the 
distance,  .V,  to  the  valve  end;  say  it  is  1SM2  in-     Now  obviously  the  lead 
existing  on  this  end  is,  see  Fig.    172,  L,  =  M  -  (N  +  V)  =  4H  - 
(l3lsa  +  2H)  -  4.4  -  4He  -  >sa  **•     (8)  Turn  the  engine  to  the 
crank-end  dead-center  position.     (9)  Similarly,  measure  the  lead,  Li, 
at  this  crank  end.     If  L%  happens  to  be  the  same  as  Lt,  the  engine  is  set 
for  equal  design-determined  leads.     But  assume  that,  in  this  example, 
the  lead,  Lti  at  the  crank  end  is  found  to  be  ?si  in.     (10)  The  difference 
between  Lx  and  Lt  is  3ia  —  lsa  ■  li«  in-     (11)  Then  tBe  proper  design- 
determined  equal  lead,  L*  «  (L,  +  L»)  "2  *  (>SJ  +  H%)  +  2  =  H  -*- 

2  =  he  «w« 

To  provide  this  1 1  *  in.  equal  lead,  the  valve-stem  effective  length  must 
be  increased  by  an  amount  equal  to  half  the  difference  between  hx  and 


Lt  = 


v*sa 


'$:» 


JL.      »> 


l53  in.     Hence,  after  a  change  of 


*$;»  in.  in  the  valve-stem  effective  length,  the  engine  valve  should  be 
properly  set  for  design-determined  equal  leads.  Measure,  as  explained 
abo\  e.  the  new  lead  /.» to  In*  sure  that  it  is  li*  in.  at  this  crank  end. 

V1.N  Now,  for  a  check,  turn  the  engine  again  to  the  head-end  dead- 
center  position  and  by  measurement*  as  before,  check  the  new  lead  L%  for 
the  ht\+d  etnL  VK^  If  the  leads  at  both  ends  are  equal,  you  are  through. 
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U  thrjr  ut  not  equal,  you  have  made  some  error  nml  must  rapes  I  I  he 
:■'■■..>  preceding  i>j)rr:ilioiis  until  I  lie  Irnd^  :irc  >.'mnl  (!4)  Replace 
beat  covers.  (15]  Check  your  Betting  with  an  indicator  if 
|>«ilile.  (10)  If  desirable,  spot  reference  marks,  as  explained  below, 
■  ure  rapid  soiling  of  I  tie  valve. 
Fjliui'I.i:. — Tde  Spotting  Of  Thau  Reference  Marks,  To  Enable 
".v(  To  Quickly  Maxe  Fltitie  Valve  Settings  Without  Removing 
The  Chest  Covers,  is  effected  as  follows:  ll  is  assumed  that  the  valve 


W  bwu  correctly  set  as  described  above.     Make  a,  trammel  gage  (T, 

fy  173}  by  pointing  the  two  ends  of  a  piece  of  steel  wire  and  bending  it 

"I* tttiumel  form.     The  size  of  Ihe  trammel — the  distance  between  (he 

"funnel  points — may  be  any  that   is  feasible  and  convenient.     With 

.i  li,  spot  a  mark  at  A  on  the  guide  block.     Place  one  point  of 

•to trammel  in  this  mark,  .*t,  and  then  spot  another  very  light  niark,  H, 

her  point  of  the  trammel  gage  touches  the  valve  stem.     These 

irks  used  in  conjunction  with  the  trammel  gage  enable  one 

to  disconnect  the  valve  stem  from   the  stem  guide  block  and  to  than 


the  valve  (in  case  it  was  necessary  to  entirely  remove  the  valve) 
-I  io  nwosnaot  '!»■  valve  stein  in  exactly  its  original  position. 

ramincl  gage  and  used  it  as  in  Fig,  173,  now  again  use 

■  'ling  the  slide- vidve-lead   reference  murks.     Place 

tie  engine  crank  on  exact  head-end  dead  center.     Then  spot  a 

k,  D,  (Fig.  174)  on  the  stuffing  box— not  on  the  gland.  Place 
end  of  tht  Inmmel  gage  in  this  mark  and  spot  another  murk,  E,  on 
valve  stem  where  the  oilier  point  of  the  trammel  touches  U 
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W  Inn  IfHlinj;  to  vrrify  tin*  betting  of  the  vjilvr:  First,  plan;  the  rrank 
on  th<*  head-end  dead  center.  Then,  with  one  point  of  the  trammel  gage 
in  the  mark,  D,  the  other  gage  point  should  lie  exactly  in  the  punch  mark, 
E.  If  the  other  point  does  not  lie  in  E,  the  valve  setting  is  out  of  adjust- 
ment. With  the  gage  points  in  D  and  E,  assuming  that  the  original 
correct  adjiiHtment  has  not  been  altered,  the  valve  will  have  opened  the 


t' 


Sheet&ee/  Head  * 


.  |      Smooths/ear  P/ne  Rod-* 

k Long  Enough  To  Reach  Bottom >] 

Of  Steam  Chest  +6"  To  Span 

Fid.  175. — Measuring  rod  for  measuring  steam-port  opening. 


Hu    f\\v<r 


^ 


hend-end  port  to  the  amount  of  the  desired  lead — because  the  valve  vr> 
in  this  position  when  the  gage  and  the  marks  D  and  E  were  first  ma*^ 
The  trammel  gage  should  be  carefully  preserved  so  that  in  futu**"* 
emergencies,  such  as  the  slipping  of  an  eccentric,  the  valve  can  be  prompt-!^ 
readjusted  to  its  correct  relation. 

Example. — How  To  Make  The  Valve-Setting  Templets  For    -A- 
Plain    Indirect- Valve   (Piston- Valve)   Engine  will  be  explained  ~ 
While  these  directions  relate  specifically  to  a  vertical  engine  they  may^ 
with  obvious  modifications,  be  applied  to  a  horiiontal  engine.     Compare 
this  method  with  the  similar  method  suggested  in  Sec.  157  and  that 
described  in  the  following  example  for  a  riding-cut-off  piston  valve;  all  of 

these  three  methods  vary  only  in 
detail  procedure,  the  final  result 
accomplished  in  each  being  essen- 
tially the  same.  Each  method  has 
its  applications. 

Mtikt  A  Measuring  Rod%  as  shown 
in  Fig.  175,  for  locating  the  steam 
ports  in  the  valve  chest.  These 
$:cam-pi>rt  locations  will,  as  is  here- 
;naftor  iirts»rribed,  be  transferred  to 
the  $;<*Ar.*~$*>rt  templet*  The  sheet- 
$:<V.  he***.  >.  Fig.  176x  may  be  of 
sjw\.r.vsv-y  :>.*  p3Vtpc»rtxftns  there 
s:w.5*\i  R;:s  ;u  *ny  ease,  the 
i  :r.   )os>  :v$:.  -  v  t^i;  <rf  the  engine 


fc».  * 


r?» 


J*  <■•*.■•.  ,v  rs--ofc'>~*  *•*  "\v. 


sho>*.:*\i  Nc  .si  ;<\*>: 


rttsu..^  *\Z  Kr  Mode,     Two 


tivn'\     .  *>»%  *»« 

>  (OS  .. .  »x  ■.  <> 

:>v\n>$  .v  s~vo:v;\i  v'';.st  :vrvr.  «wii  *S>mt  %*+  v.x  u.tt&  *nc  ataoi  1  in* 
*^<*  »."  :v  -jv....!\,\;.  H»m*  jSu^ifckL  at  the  *5*jt  ^  *Hrtci  tfee  «— » 
n*  r>v»ss&^«n*  r  "**  ■*!!>  *tkt«ut£  **■  square  «** 


».v\ 


* 
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Nrmrr  To  Meai>m  The  Valve  <  'h est.— Remove  the  valve-chest  cc 
>&  llw  valve-stem   stuffing-box   gland.     Disconnect   and   remove    I 

-■iivt'  chest. 
Viif  TV Slfam-PoH  Temptrt. — Insert  the  measuring  rod  into  the  valve 
I  "ne  of  it*  index  edges  {Q,  Fig.  17fi)  is  against  the  furthest 
pf  Hie  farthest  steam  port  (Fig.  177,/).     With  »  knife  blade, 


liin  ,  .1,  <>n  the  face  of  the  rod  exactly  at  the  level  of 

Similarly,  locale  on  the  measuring  rod  (as  shown 

'*  177,  //.  ///,  and  IV)  lines  /',  <"and  D,  which  respectively  correspond 

i   . -dices  of  the  Bteam  ports.      Now,  as  shown  in  Fig.  178,  lay 

'  i.  k.s,  which  was  prepared  as  above,  on  the  measuring  rod. 

"'■ha  try  square  and  knife  blade  transfer  the  lines  from  the  measuring 

1  (  in.  face  of  the  stick,      Iti  the  illustrations,  the  width  of 


]I*—  t-a>'tlnt    "(I    Ihe    s 


Wggerated  f>>r  elcarni'ss.     Draw  pencil  "hutch"  lines 
*hp  poriions  of  the  stick's  face  which  do  not  represent  the  porta. 
■_  iiiulwriy  I"*'"  eel j  I  "  and  B'  a  kiiifi'-cut  center  line,  E,  across  the 
■' ■:-■  completes   flic  sli-mi-porl    templet, 

-.■l,l,i.     Lay  the  piston  valve  (Fig.  1711)  on  the  l-in, 
■  k  which  was  previously  made.     The  left  end  of  the 


■in* 

I 
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valve  should  lie  about  'A  in-  from  the  left  end  of  the  stick.  Transfer  to 
the  J«j-in.  face  of  the  stick  lines  representing  the  locations  of  the  edges 
of  the  valve  faces,  as  shown  in  Fig.  179.  Draw  a  center  line,  P,  midwiy 
between  the  two  sets  of  lines  which  represent  the  valve  edges.  Hatch, 
with  pencil  lines,  the  portions  of  the  stick's  face  which  represent  metal 

The  Valve  Templet  Must  Be  Of  A  Certain  Length  so  that,  when  in  UM 
(Fig.  180)  for  valve  setting,  it  will  reproduce  accurately  the  events  whieb 
are  occurring  in  the  steam  chest.  When  in  use,  the  lower  end  of  the  valve 
templet  rests  on  the  upper  end  of  the  valve,  while  the  valve  is  shifted 


vertically  to  different  positions.  The  valve  templet  slides  alongside  the 
steam-port  templet.  To  determine  the  proper  length  of  the  valve  tem- 
plet proceed  thus:  Lay  the  steam-port  templet  against  the  valve  templet 
(Fi(t.  1S1),  with  their  two  center  lines  F  and  E  exactly  in  line.  Now,  as  is 
evident  from  Figs.  177  IV  and  178,  (he  distance  EH  on  the  steam-valve 
templet  equals  the  actual  distance  from  the  horizontal  center  line  between 
tlie  steam  ports  to  the  top  face  of  the  steam  chest.  Also,  the  distance  F I 
on  the  valve  templet  equals  (See  Figs.  179  and  1S1)  (lie  actual  distance 
between  the  horizontal  center  line  of  the  valve  and  cither  end  face  of  the 
valve.  Hence,  from  Fig.  181,  it  follows  that  IJ  is  the  distance  which  the 
top  face  of  the  piston  valve  must  lie  below  the  top  face  of  the  valve  chest 
when  the  valve  is  vertically  central  in  the  valve  chest  in  relation  to  the 
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porta.  Now  lay  off  on  the  valve  templet  below  J  a  distance  ./A',  which  is 
tqu&l  to  //.  Cut  the  templet  off  square  at  A'  and  it  will  be  complete  and 
of  correct  length. 

Arrange  The  Templets  On  The  Engine  Valve  Chest. — Bend  a  piece  of 
•tap  iron  to  form  a  support,  G,  (Fig.  180)  for  the  steam-port  templet. 
Drill  the  short  leg  of  the  support  to  accommodate  one  of  the  valve-chest 
studs  and  drill  the  long  leg  to  take  three  round-head  wood  screws. 
Btpltce  and  reconnect  the  valve  in  the  chest.  Secure  the  steam-port 
templet  to  the  valve  chest  as  shown  in  Fig.  180,  with  the  "H"  end  of  the 
tatm-port  templet  exactly  on  a  horizontal  line  with  the  top  face  of  the 
steam  chest.  Now  place  the  valve  templet  alongside  of  the  steam-port 
templet  (Fig.  180)  with  the  lower  end,  K,  of  the  valve  templet  resting  on 
to  upper  face  of  the  valve.  The  end  K  should  always,  when  the  tem- 
plets are  in  use,  rest  on  the  upper  end  of  the  valve.  Now,  if  the  templets 
b**e  been  accurately  made  they  will  visibly  reproduce,  outside  of  the 
steam  chest,  the  invisible  events  which  are  occurring  within  it. 

To  Ute  The  Templets  For  Valve  Setting,  it  is  merely  necessary  to  follow 
fo  directions  of  Table  167  and  measure  the  valve  events  which  occur 
from  the  templets — instead  of  measuring  them  directly  from  the  actual 
falre  and  ports.  After  the  valve  has  once  been  set  correctly,  it  may  be 
<wable  to  label  and  retain  the  templets  for  future  use.  But,  if  the 
Proper  trammel  is  made  and  center-punch  reference  marks  are  spotted 
00  the  valve  stem  as  described  in  other  examples,  the  use  of  the  templet 
fa  resetting  will  be  unnecessary. 

168,  Setting  A  Slide  Valve  For  Equal  Cut-Offs  has  definite 
Stations.  For  instance,  a  valve  designed  for  a  nominal 
cut-off  of,  say,  % o  stroke  could  not  give  satisfactory  operation 
*f*t  for  £f  o  or  % o  cut-off  at  each  end.  In  setting  for  equal 
cut-offs,  one  must  not  attempt  to  depart  very  far  from  the 
nominal  cut-off  for  which  the  engine  was  designed.  The 
following  procedure  is  intended  to  give  a  practical  means  for 
setting  slide  valves  for  equal  cut-offs  which  will  give  satis- 
factory operation. 

(1)  8et  valve  for  proper  equal  leads  by  Table  167. 

(2)  Scribe  a  mark,  A,  (Fig.  182)  at  some  convenient  place  on  crosshead. 

(3)  Place  engine  on  crank-end  dead  center. 

W)  Scribe  a  mark,  B,  on  the  crosshead  guide  opposite  A  on  the 

croahead. 

(5)  Turn  engine  slowly  in  direction  it  is  to  run  until  the  valve  just  closes 

the  crank-end  cylinder  port  to  live  steam. 

(6)  Scribe  a  mark,  C,  on  the  crosshead  guide  opposite  A  on  the 
ouaheacL 

(7)  Tom  engine  to  head-end  dead  center. 

9 
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(9)  Scribe  another  mark,  E,  making  Z>£  =  BC. 

(10)  Turn  engine  in  direction  it  is  to  run  until  A  stands  opposite  Son 
the  guide. 

(11)  Change  effective  valve-stem  length  sufficiently  to  half  close  the 
cylinder  port. 

(12)  Move  eccentric  on  shaft  (opposite  to  engine  rotation)  to  just  close 
the  cylinder  port. 

(13)  Turn  engine  in  direction  it  is  to  run  until  cut-off  again  takes 
place  at  the  crank  end. 

(14)  If  A  is  not  opposite  C,  repeat  steps  (6)  to  (13). 

(15)  Check  valve  setting  with  an  indicator  (Sec.  175). 

Notk. — Settino  For  Equal  Cut-OKI's  Is  A  Cct-And-Try  Adjust- 
ment, it  being  necessary  usually  to  repeat  steps  (6)  to  (13)  several  time* 
before  the  adjustments  are  correct. 


r-.-r-1-'-^ 


■2.— Method  of  [i 


r  setting  vilve  lor  equal  c 


169.  The  General  Procedure  In  Setting  A  Slide  Valve  For 
An  Intermediate  Between  Equal  Leads  And  Equal  Cut-  Oris 
differs  from  that  for  equal  leads  (Sec.  167)  only  in  that  the 
adjustment  is  made  for  definite  unequal  leads.  The  lead  at 
the  head  end  is  made  a  little  leas,  and  that  at  the  crank  end  a 
little  more,  than  the  value  recommended  in  Sec.  165.  The  dif- 
ference between  the  leads  at  the  two  ends  should  be  approxi- 
mately Jfe  in-  f»r  eacn  f°ot  °f  stroke.  The  result  of  tins 
difference  is  to  eliminate  the  lead  at  the  head  end  (make  it 
zero)  and,  at  the  crank  end  to  double  the  value  given  in  Sec. 
165.  The  Kidgway  Engine  Co.  recommends,  for  engines  of 
14  in.  stroke  and  smaller  that  the  lead  should  measure  J-^2  '"-■ 
more  at  the  crank  than  at  the  head  end  and  for  larger  engines 
lid  in.  more  at  the  crank  than  at  the  head  end.  The  pro- 
cedure therefore  becomes : 
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1)  Establish  dead  centers  (Sec.  153). 
,2)  Remove  valve-chest  cover. 

(3)  If  engine  has  shaft  governor,  it  may  be  necessary  to  block  the  gov- 
norto  its  normal  operating  position  (See  Sec.  174). 

(4)  With  indirect  valve,  remove  the  valve  and  measure  it.  If  necessary 
aake  templet  (Sec.  157). 

(5)  With  indirect  valve,  measure  valve  seat  and,  if  necessary  make 
templet  (Sec  157). 

(6)  Replace  valve  on  seat. 

(7)  Set  engine  on  head-end  dead  center. 

(8)  Rotate  eccentric  on  shaft,  in  direction  engine  is  to  run,  until  the 
lad  it  head  end  is,  say,  H  in. 

(•)  Measure  accurately  the  lead  at  this  end.     Call  it  Lx 

(10)  Fasten  eccentric  to  shaft. 

(H)  Turn  engine  to  crank-end  dead  center. 

(12)  Measure  lead  at  crank  end.     Call  it  L*. 

(13)  Change  lead  at  this  end  so  that  L*  —  L\  =  A'  =  the  proper  differ- 
ent between  the  leads  at  the  two  ends.  Make  the  adjustment  by  chang- 
ing the  valve-stem  length. 

(14)  Shift  eccentric  to  attain  the  required  lead  at  this  (crank)  end. 

(15)  Replace  valve-chest  cover. 

(16)  Check  setting  with  indicator  (Sec.  175). 

^ote.— When  Valves  Are  Thus  Set  For  Unequal  Leads  The 
Rucltixg  Indicator  Diagrams  Will  Show  admission  occurring  too 
iffy  at  the  crank  end  and  too  late  at  the  head  end.  This  must  be 
tofoated  because  it  is  a  consequence  of  the  valve  setting.  Should  the 
wgine,  however,  appear  to  "pound"  at  the  crank  end,  the  eccentric 
■wit  be  turned  backward  on  the  shaft  or  the  valve-stem  length  must  be 
CQ*nged  until  the  pounding  stops. 


170.  Multiported  Valves  Are  Set  by  following  the  same 
general  rules  as  outlined  from  See. 
167  to  Sec.  169.  Multiported 
valves  are  generally  so  designed 
that  cut-off  and  the  other  events 
°ccut  at  each  valve  port  ut  the 
flame  time.  For  example,  Fig. 
183  shows  that  head-end  adniis- 
won  will  occur  at  the  same  time 
Pwt  edges  A  and  B.  Obviously 
cut-off  must  occur  at  these  edges 
*t  the  same  tin>°  therefore  the  setting  of  valves  of  this 
^  requires  '  *planation.     Kaeh  particular  valve 


B 


'sf.i.Cy'-'Ws-r 

P.->r  * 


f  c./: 


't-r 


Fiu.    1K\.  —A  multiportiMl  !.litl«-  vitlvt- 
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should  t>c  examined  for  peculiarities.     Templets  may  be  made 
of  the  valve  and  the  seat  to  facilitate  future  setting. 

171.  A  Method  Of  Setting  Any  Slide  Valve  Without  Remov- 
ing The  Steam-Chest  Cover  (Paver,  Nov.  15,  1921)  is 
described  below.  This  applies  to  plain  !>,  piston,  balanced, 
and  multiported  slide  valves — in  fact  to  any  slide  valve. 
However  the  method  can  be  used  effectively  only  for  engines 
which  have  little  or  no  valve  leakage;  this  restricts  it,  largely, 
to  relatively-new  or  to  recently-overhauled  engines. 

Explanation.—//  there  is   a   rocker  for   transmitting   motion  of  tht 

eccentric  In  the  valet  r.xi,  fur  the  Lest  Valve  setting  the  length 
eccentric  rod  should  be  so  adjusted  that  the  rocker  will  swing  approxi- 
mately as  far  to  one  side  as  to  the  other  of  that  position  in  which  it  would 
be  at  right  angles  to  the  valve  rod.  After  the  length  of  the 
has  been  thus  adjusted,  the  valve  setting  is  completed  by  adjusting  fa 
valve  rod  to  such  length  that  one  end  of  the  valve  will 
opening  edge  of  its  steam  port  (is  much  as  the  other  end  of  the  valve  will 
travel  over  the  opening  edge  of  its  port  and  then  with  the  engtnetM 
center,  setting  the  eccentric  tot  that  position  which  will  give  the  vah 
the  desired  amount  of  lead.     How  this  may  be  done  is  explained  below. 

//  the  ealre-rtxl  length  cannot  be  adjusted  ontnidc  of  the  stuffing  Iwz,  it  will 
be  necessary  for  good  valve  setting  to  remove  the  Bteam-chtft  iW 
for  that  purpose.  But  where  the  rocker  would  be  thrown  only  slight!}' 
out  of  perpendicular  to  the  valve  rod  by  adjusting  the  length  of  the  ween* 
trie  rod,  then  a  fair  valve  setting  can  be  effected  by  simply  ad  Justine  die 
length  of  the  eccentric  rod  for  equalising  the  travel  "1  the  valve  wftbBR 
opening  the  steam  cheat,  Or  in  ease  there  is  no  rocker,  the  squalititM 
of  valve  travel  can  be  effected  by  adjusting  either  the  length  of  llir  Ml" 
rod  or  the  length  of  the  eccentric  rod,  without  removing  the  steam-cf"*' 

For  tenting  the  equalization  of  valve  travel  without  opening  the  steam 
cheat:  Place  the  engine  on  a  center,  make  a  mark  on  the  guide  to  corre- 
spond with  a  mark  on  the  crossliead.  Temporarily  fasten  the  eccentric 
on  the  shaft  in  that  position  which  will  just  permit  steam  to  be  blown 
through  the  port  at  the  same  end.  Then,  turn  the  flywheel  Forward 
the  position  where,  by  opening  the  throttle  valve,  very  little  steam  i« 
shown  by  the  pet  cock  to  be  admitted  to  the  oilier  end  of  the  rylindi 
Make  a  mark  on  the  guide  to  correspond  with  the  mark  on  the 
Also  make  another  mark  with  the  engine  en  dead  center  at  th» 
of  the  cylinder.  Also  make  a  mark  on  the  guid" 
marks  last  made  on  the  guide.  Then  turngftH 
position  that  the  mark  on  the  crosshead^H 
mark.  Adjust  the  length  of  Oie  valvod| 
be  just  admitted  on 
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tlurn  the  engine  forward  toward  the  other  center  until  the  mark  on 
mix-ad  tomw  the  same  distance  from  the  end  of  ihc  stroke  as  the 
I  mark  is  from  the  other  end.  If  steam  is  just  admitted  the  travel 
<a>  equalued.  If  not,  iuru  the  engine  to  the  position  where  steam 
.  admitted.  Make  another  mark  on  the  guide  halfway  between 
wtkm  where  steam  was  admitted  and  the  position  where  it  should 
been  admitted.  With  the  crosshead  set  at  this  middle  mark, 
isl  the  valve-rod  or  eccentric-rod  len  gth  until  steam  is  admitted  at 
ad  of  the  cylinder. 

c  nt  the  mire  for  the  desired  amount  of  lead.  With  the  valve  travel 
qunlUed,  place  the  engine  on  the  head-end  center.  Turn  the  eccen- 
irward  on  the  shaft,  and  set  the  eccentric  to  the  position  at  which 
i  is  just  admitted  to  the  head  end  of  the  cylinder.  Then  make  a 
M  tin-  vMve  rod  exactly  1  in.  out  from  the  end  of  the  stuffing-box 
,  Shift  the  eccentric  as  much  farther  forward  on  (he  shaft  aa  may 
:cosary  to  shift  (ho  mark  made  on  the  valve  rod  by  a  distance  equal 
i  desired  amount  of  lead, 

l  Setting  A  Riding  Cut-Off  Valve  Mechanism  must, 
it  contains  two  valves,  be  accomplished  in  two  steps, 

Tin  I]  UX  Valve  Is  Set  for  equal  leads  by  the  method  of  Table 
( u  follows:  Rotate  the  eccentric  from  one  extreme  position  to  the 
to  sne  that  both  cylinder  ports  are  opened  to  the  same  extent, 
hey  are  not,  adjust  (Table  107)  the  valve-stem  effective  length 
they  are.  Whether  they  open  esoelly  to  I  heir  total  width  is  not 
(ant.  Then  put  the  engine  crank  on  the  head-end  dead  center  and 
ie  eccentric  rotated,  in  the  direction  in  which  the  engine  is  to  run, 
he  head-end  cylinder  port  begins  opening  and  is  open  by  the  amount 
lead  (usually  J$|  in.).  This  may  often  be  determined  by  observing 
■Under  port  through  the  port  in  the  main  valve.  Then  fasten 
centric  securely  to  the  shaft.  The  valves  of  a  piston-valve  engine 
be  art  by  nn  indirect  method,  such  ns  that  which  is  described  in  the 

Sbtonq  The  Cut-Off  Valve  is  dependent  upon  whether  the  cul- 
Ive  is  (o)  hand-ad] ustabtc,  (6)  governor-operated,  (c)  neither  kand- 
ahU  nor  gorernor-operaUd.  In  any  one  of  these  three  ranstruetions 
iM  step  is  to  ndjust  the  valve-stem  [ength.  To  do  thia,  place  the 
s  mid-travel  position  and  turn  the  cut-off  eccentric.  The 
Blbould  travel  equal  distances  beyond  the  (wo  porta  of 
If  it.  does  not  do  this,  adjust  the  effective  valve-stem 

-odj a «UtUv:   Make  marks  A  and  II  (l'"ig. 

:     I <j  represt-nt  the  head  end  of  Ihe  stroke 

ii  In  uli  nd  dead  center,  place  the  eut-olT  eOOeatrie 

t   [8m.   154)  and  fasten  it  there  by  tightening  its 

o- thirds  stroke,  DE,  from  the  head-end 
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mark  D  on  the  crosshead  guide  and  make  another  mark,  B,  on  the  guide. 
Turn  the  engine  in  the  direction  it  is  to  run  to  bring  the  crosshead  mark  A 
to  this  last-made  mark,  E,  on  the  guide.  Then  adjust  the  position  of  lie 
cut-off  valve  on  its  stem  (by  the  handwbeel,  Fig.  184)  until  it  just  clow* 
the  head-end  port  of  the  main  valve.     This  completes  the  setting. 

(b)  If  the  cut-off  valve  it  governor-operated:  With  the  governor  connected 
up  and  its  weights  resting  at  their  inner  positions,  turn  the  flywheel  until 
cut-off  occurs  and  measure  the  fraction  of  stroke  at  which  this  occun. 
Do  this  for  the  forward  and  return  strokes.  The  fractions  should  be 
equal  if  the  valve  stems  are  of  proper  length.  If  the  fractions  are  unequal 
they  may  be  equalized  by  changing  the  effective  length  of  the  cut-off 
valve  stem.  Then,  the  governor  springs  should  be  disconnected  and 
the  weights  blocked  out  against  their  stops.  Turning  the  flywheel  no* 
should  not  cause  the  cut-off  valve  to  uncover  the  ports  of  the  main  valve 
at  any  position  during  the  revolution. 


Flo.  184— Seclion  of  a  Meyer 


(c)  //  the  cut-off  valve  in  neither  hand-adjustable  nor  qovernor-o'perat^' 
Place  the  engine  on  head-end  dead  center  and  the  cut-off  eccentric  on  <** 
crank-end  center  and  fasten  it  there,  just  as  in  (o).  Now  turn  the  engi*^' 
ahead  for  ?£  stroke  (or  whatever  fraction  of  stroke  at  which  cut-off  *J 
desired)  of  the  crosshead,  as  in  (a).  Now  loosen  the  cut-off  eccentric  a"** 
shift  it  ahead  (in  the  direction  the  crank  is  to  turn)  until  it  closes  tl*e 
head-end  port  in  the  main  valve.  Then  fasten  the  eccentric  securely- 
The  setting  is  thus  completed. 

The  following  example  illustrates  the  application  of  the  preceding  nil** 
to  the  setting  of  a  riding-cut-off  piston-valve  engine's  valves. 

Example. — Sotting  The  Valvks  Of  A  Shaft-Governed  Pibtc*^' 
Hidiws-Citt-Okf-Valvb  EwiiNK  for  selected  equal  leads.  This  is  bas*?*' 
on  the  directions  in  an  article-  in  Southern  Engineer  for  December,  191  *f" 
An  indirect  method  (.St.  156)  must  be  employed.  While  the  det**-*1 
prtM-vdurr  hi  win  nut  lined  is  not  rairtly  the  mine  as  that  sprained  in  t  t*e 
general  directions  of  Sec.  XTi  above,  the  result  which  is  attained  is  tt»e 
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■  o        elate  specifically  |o  an  engine  uf  "Buckeye"  BOn- 

llii  valve  and  cylinder  arrangement  of  which  in  shown  in  Fig. 

fen  iwo  piston   waives,   Vi  nnd   l'i  (Fig.  185)  one  working 

The   working  edges  of  neither  are  visible  when  one 

"'    nlves.     The  cylindrical  end  portions,  E,  of  the  main 

inn  two  smaller  valve  cheats  for  the  cut-off  valve.    The  two 

mi-like  ends  of  the  main  valve  are  retained  in  correct  relation  by  three 

ml«,  R,  whieh   tic  the  ends  together.      The  hollow    main-valve  stem, 

1,  m  srrcwed  into  that  main-valve  head  which  lies  nearest,  the  crank. 

Tti!   tul-off- valve    stem,    C,    slides    longitudinally    within    the    main- 

xlrt  dent. 


Prrjiarc  To  SM  Tin'  I'dior.- -Remove  I  he  valve-ehesi  cover.      DisoODnecl 

ihp  valve  rods  from  the  rocker  -)::ifi-       Remove  the  valves  and  place 

tv  mil.      Nun,  since  the  valve  ports  are  invisible  when  the 

**>*»•  are  in  the  valve  chest.  templei-  (S-ec.  157)  must  be  made  whereby 

'Jw  invisible  events  which  occur  inside  th<-  valve  cheat  will  be  reproduced 

where  the  events,  thus  reproduced,  will  be  visible. 

ifakt  The  Steam-Port  Tuiipht.  —  First,   make  a  wooden  measuring  rod 

Fig.  186);  it.  should  be  of  smoothed  clear  pine,  about  1  in,  wide 

thick  and  somewhat  longer  than  the  steam  cheat.     Cut  one  end  to 

tWlhape  which  is  shown  at  the  right  in  Fig.  1M>.     To  take  the  mcasurc- 

'■'i  i  templet,  place  the  shaped  end  of  the  rod  against 

■  m-jKirl  edge  as  shown.     Then,  with  a  knife  blade,  mark  the 

"■J:li  -i[  (I ,1,;  port  with  rim  fine  lines,  A"  and  1"  (Fig.  ISli).      Remove 

the  rod  from  the  chest  and  mark  ihe  width  of  the  other  steam  port  oi 
led;  M,  : l- 1 1 « i ■  the  width  between  X  and  Kami  lay  off  ibis  wid 
*tiH[«il  end  oi  the  rod,  as  shown  at  '/.  in  Fig.  1ST.     <  'ut 


u»thi 
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pine  branch  board,  S,  (Fig.  1ST)  for  a  steam-port  templet, 
%  in.  thick,  1  in,  wide  mill  about  the  length  of  the  valve-che; 
mil  on  tlip  board  and  tr:i  nwfi-r  1 1n-  Imvi  linns  of  tin.1  porta  from  1 1 
board,  as  shown  in  Fig.  1S7.  Draw  pencil  "hatch" linos alon 
of  ( In'  !)■  in  I'd  which  ,loi-s  uol  ivpii'.^'ht  i  lie  sti'iim  ports. 


Fin.    ISii.— Clint    mruurii 


„„.IH 


Make  The  Main-Valve  TempUt.—  Cutapiece,  M(Fig.  1SS), 
clear  pine  14  in.  by  2  in.  and  somewhat  longer  than  the 
Hold  M  edgewise  against,  the  main  valve  and  mark,  with  kn 
locations  of  the  valve  porta  and  the  valve  ends,  as  shown 
Now,  if  the  main-valve  templet  Is  placed  on  the  steam-p( 
(Fig.  189)  the  exact  relative  positions  of  the  two  seta  of  p 
shown.  The  portions  of  M  which  represent  metal  shouli 
hatched  as  suggested  in  Fig.  180. 


:Pi£nfCi.!-e'fV;,W     i.,'     ■ 


'•tb/*r-lcng7h  Inafon  Mrr*s 
Fie.  188.— Trenifcrring  thn  leiuth  ol 


B    I).-  | 


Spot    Culr-Off-Yalve-PrmUion  Mark*  On.  The  Cut-Off- Volt* 
Slide  the  cut-off  valve  inside  of  the  main  valve  u 
cut-off  valve  just  closes  the  port,  P  (Fig.  190). 
of  steel  wire.     Spot  a  cen  I  or- punch  mark,  t 
Plaee  one  point  of  T  in  C  and  under  the  op] 
center-punch  mark,  C,  on  the  cut-ofT-v 
ra/i-e  to  the  right  within  the  D 
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<«v» jual  closes  the  other  main-valve  port,  Q.     With  the  punch  and  gage 

'!'!'< -sponding  mark,  D,  on  the  cut-off  valve  stem.     Obviously, 

nd  of  the  gage,  T,  is  in  C  and  the  cut-off  valve  is  shifted  u 

■   and  lies  in  either  D  or  C,  the  corresponding  port  in 

aaiB  valve  will  have  just  been  closed. 

Arrange  The  Templets  In  Position  For  Setting  The  Voire.— Replace  both 
•  itifa  in  the  valve  chest.  Arrange  hvo  auw  horses  or  a  bench  to  Bupport 
lie  stcam-porl  templet  (Fig.  191)  in  line  with  and  nt  the  same  elevation 
"  llw  bottom  of  the  valve  chest.     Place  the  main-valve  templet  e 


*«  (Fig.  19!)  on  the  steam-porl  templet.     Provide  a  metal  strap,  H, 

•iilmlwlcn  it  with  screws  to  the  main-valve  templet  that  the  projecting 

!  rap  just  touches  the  left  end  of  the  main  valve,  when  all  are 

■us shown  in  Fig.  191:  That  is, have  the  main-valve eccentric. 

•"Hied  to  such  a  position  that  the  left  end  of  the  main  valve  is  in  lino  with 

">'  head-end  steam  port  edge  as  shown  at  Q  in  Fig.  191.      Now  shift 

ly  the  steam-port  templet  until  marks  M  and  iV  arc  in  line. 

iim-port  templet,  in  this  position  to  the  bench  or  horses,  with 

Milt  driven   part  way  in.     The  two   templets  should   now    accurately 

"prwont  the  relative  positions  of  the  main  valve  and  the  steam  porls 


™wn  the  main  valve — and  the  main-valve  templet  with  it — is  moved 
forth  m  its  seat  the  results  are  reproduced  by  the  templeta. 

Eff.-dirr  length*  l>J  Tl«:  Efcrntfic  fto.t.<  So  Thill  The  ViUrv*, 

I  h,  ir  Travels,  Will  Open  The  Head-End  And  The^\ 
t  fort*  By  Equal  Amounts. — Since  the  cut-off  valve  should  lie 
■    i u:i in   vtilve,   the  main  valve  should  ho   , 

Voto-Vaii*    Eccentric    lloii    To    Correct   I 

Bttilric   lo  one  deml-ccnti'i    position   (.Fig. 
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measure  from  the  templets  (Fig.  191)  the  distance  that  the  edge  ol 
corresponding  valve  has  over- ridden  the  edge  of  its  sleam  port,  or,  inst 
the  distant 8  thai  the  valve should  move  to  entirely  ■■pt'n  the  port.  T 
turn  the  eccentric  to  the  Opposite  dead -tenter  position  (Fig.  163) 
note  the  relative  location  of  the  valve  edge  mid  pert  edge  in  this  posii 
If,  in  both  positions,  the  vnlve  either  opens  the  ports  by  the  same  aire 
or  over-rides  the  ports  by  the  same  amount,  the  head-end  and  crank- 
travels  are  equal  and  the  niain-eeccn trie-rod  effective  length  is  con 
If  this  eccentric- rod  effective  length  is  not  correct,  it  may  be  inljuste 
correct  length  as  directed  in  Table  167. 

Adjust  The  Cut-Off-Valre  Eccentric  Rod  To  Correct  Effective  Lm 
proceed  thus:  Plsee  the  main  valve  in  its  mid-travel  position  dig  UN 
indicated  by  the  templets.  Secure  it  in  this  position  by  clumping 
main-rod  stuffing-bo*  gland.  Rotate  the  governor  wheel  until  the  cu1 
eccentric  is  on  its  head-end  (Fig.  163)  dead  center.  Then  with  one  p 
of  the  gage.  T  (Fig.  190),  in  center-punch  mark,  (',  measure  the  disti 
of  the  other  gage  point  from  the  punch  mark,  C,  on  the  cut-off  valve  al 
Now,  retain  one  point  of  the  gage  in  C  and  have  the  cut-off  eccet 
turned  to  the  crank-end  dead-center  (Fig.  165)  position.  Note  the 
tance  the  gage  point  is  from  T).  If  these  two  distances  are  equal, 
cut-off -eccentric- rod  effective  length  is  correct.  If  it  is  not  of  coi 
length,  adjust  it  to  correct  length  as  directed  in  Table  167. 

8M  Tht  .\fiiin- Valve  Eccentric  For  Selected  Equal  Leads. — Loosen 
stuffing-bo\  glmid  which  flumped  the  main-valve  stem.  Turn  the  en 
crank  to  its  head-end  dead-center  position  and  rotate  the  main-v 
eccentric  to  its  head-end  center  position.  Kg.  188,  [When  a  direct 
gear  (one  which  does  not  employ  levers  which  change  the  direction  ol 
valve-stem  movement  from  that  of  the  eeeentric-rod  movement)  a: 
piston  valve  is  employed,  the  valve  on  opening  ils  port  for  the  admii 
of  steam  moves  in  a  direction  opposite  to  the  direction  of  motion  ol 
piston.  The  main-valve  gear  of  the  Buckeye  engine  is  "dirt* 
Therefore  if  the  crank  is  to  run  "over"  the  eccentric  should  be  tu 
in  the  opposite  direction,  or  under,  until  the  port  at  the  head  end  ol 
cylinder  remains  open  only  by  the  extent  of  the  selected  lead. 
proper  lead  may  be  determined  as  explained  under  "Selected  Lead 
Sec.  165:  it  should  on  engines  of  this  type  seldom  exceed  He  in.  ' 
lead,  in  any  case,  is  measured  as  the  distance  between  the  lines  F  and 
Figs.  189  and  191  on  the  templets.  After  it  hns  been  thus  set  for 
selected  lend,  secure  the  main  eccentric  to  the  shaft.  The  main  v 
should  now  bo  properly  set.  To  cheek  the  lead  at  the  opposite  e 
insure  accuracy,  turn  the  engine  crank  to  the  opposite  dead  c 
measure  the  lead  which  shows  with  this  position.  If  the  lead  i; 
amount  selected  and  is  not  the  same  at  both  ends,  it  will  tie  n 
change  the  eccentric  rod  effective  length  and  the 
directed  in  Table  167,  until  tile  lead  is 
at  both  ends. 
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Set  The  CvirOg  Valve  Eccentric. — Turn  the  engine  shaft,  starting  at  the 
bud-end  dead  center,  in  the  engine's  running  direction  until  the  main 
wive,  the  eccentric  of  which  is  now  properly  secured  to  the  engine  shaft, 
juat  closes  the  port  in  the  valve  seat.  This  is  the  cut-off  point  for  the 
main  valve.  Loosen  the  governor  wheel  from  the  engine  shaft.  Now, 
alarting  with  the  cutoff  eccentric — or  the  governor  wheel — at  the  eccen- 
tric's head-end  dead  center  position,  turn  it  in  the  engine's  running 
direction,  until  the  cut-off  valve  just  closes  the  port  in  the  main  valve. 
This  position  is  determined  by  placing  one  point  of  T  (Fig.  190)  in  C 
and  shifting  the  cutoff  eccentric  until  the  mark,  C,  lies  under  the  other 
gage-point  as  shown  in  Fig.  190.  The  full  part  of  the  cut-off  eccentric 
should  now  project  from  the  shaft  on  the  same  side  and  in  approximately 
te  direction  as  does  the  crank  itself.    Secure  the  cut-off  eccentric 


(governor  wheel),  as  thus  set,  to  the  engine  shaft.     Both  main  and  cut-off 
vnlvps  should  now  be  properly  set. 

Spot  Identifying  Marks  On  the  Main-Valve  Stem  To  Facilitate  Its  Future 
""put  Setting. — Make  another  trammel  gage,  as  Tt  in  Fig.  192.  Place 
'he  engine  crank  on  dead  center  again.  Spot  a  center-punch  mark,  V, 
°>  the  steam-chest  head.  Place  the  straight  point  of  Tt  in  V  and  s|>ot  a 
center-punch  mark,  E,  on  the  main  valve  stem  under  the  ether  point  of 
m-  Turn  the  crank  to  the  opposite  dead-center  position  and  spit 
'Mther  center  punch  mark,  under  the  extending  gage  point,  at  //.  It  is 
Client  that,  when,  at  any  future  time,  the  main-valve  slem  is  brought 
*»  the  position  shown  in  Fig.  192  and  as  determined  with  T,,  the  main 
T*'ve will  have  just  opened  the  port  to  the  extent  of  the  selected  lead. 
°Ww,  by  employing  Ti  and  the  marks  //  and  A',  the  main  valve  may  be 
""dilated  without  removing  it — or  even  the  valve-chest  cover.  liwcet 
""distance  between  H  and  fc'  and  spul  another  punch  murk  at  the  point 
* wtwtion,  /.     Now,  if,  in  the  future,  /  is  brought  under  the  extending 


140    STEAM  ENGINE  PRINCIPLES  AND  PRACTICE     [Div 

gage-point,  then  the  main  valve  will  occupy  its  mid-travel  position;  t 
position  must  be  determined  in  adjusting  the  cut-off-valve  eccentric  i 
effective  length,  as  before  directed.  Replace  the  valve-chest  cover  a 
move  the  engine  crank  from  "dead  center1'  and  the  job  is  finished. 

Preserve  The  Trammel  Gages. — Drill  a  small  hole  through  each  gaj 
Tag  them  respectively  "main  valve"  and  "cut-off  valve."  Tie  th< 
together  and  lay  them  away  in  a  safe  place.  The  wooden  temple 
which  were  employed  in  setting  the  valves,  need  never  again  be  used. 

173.  To  Reverse  The  Direction  Of  Rotation  Of  A  Slid 
Valve  Engine :  For  a  throttling  governed  engine,  place  the  engi 
in  the  head-end  dead-center  position.  The  lead  or  lag 
the  eccentric  will  then  indicate  the  direction  of  rotation:  Wi 
outside-admission  valves  (Sec.  136)  the  crank  pin  always,  if  the 
is  no  eccentric-rod  reversing  rocker ,  follows  the  eccentric.  Wi 
inside-admission  valves  (Sec.  136)  the  eccentric  always  foUo\ 
the  crank.  Loosen  the  eccentric  and  turn  it  about  the  shs 
so  that  it  leads,  on  lags  behind,  the  crank  pin  for  the  m 
direction  of  rotation  by  the  same  angle  as  it  lagged  behin 
or  led,  the  crank  pin  for  the  old  direction  of  rotation.  T 
lead  of  the  valve  will  be  the  same  as  before.  In  fact,  an  oft 
convenient  method  of  reversing  the  direction  of  rotation 
the  engine  being  on  dead  center,  to  measure  the  observ 
lead  and  then  shift  the  eccentric  around  the  shaft,  which  * 
pull  over  the  valve,  until  exactly  the  same  lead  is  shown  at  t 
same-end  steam  port.  Then  secure  the  eccentric  in  its  m 
position  and  the  job  is  completed. 

Note. — If  A  Reversing  Rocker  Is  Used  In  The  Eccentric  Ge 
3  eccentric  must  be  placed  on  the  shaft  exactly  on  the  opposite  8 
*rom  that  which  it  would  occupy  if  no  reversing  rocker  were  emploj 
That  is,  with  outside-admission  valves,  the  eccentric  wiU  follow  the  era 
with  inside-admission  valves,  the  crank  will  follow  the  eccentric.  ^ 
this  in  mind,  the  above  rules  may  be  followed  for  reversing  the  rotatic 
direction  of  engines  with  reversing  rockers. 

174.  How  Governors  Aflfect  Slide-Valve  Setting.  (1)  Th 

tling  governors  have  no  bearing  on  the  valve  motion  and,  the 
fore,  need  no  special  attention.     Valves  on  engines  hav 
throttling  governors  have  the  same  motion,  irrespective 
the  engine  load.     (2)  Variable-cut-off  governors,  shaft  go* 
for  example,  change  the  motion  of  the  valves  with  c 
engine-load  and,  therefore,  require  consideration  \ 
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meats  are  being  made.  These  governors  may  change  (a) 
the  valve  travel,  (6)  the  angle  of  advance,  (c)  both  the- valve 
Irsvel  and  the  angle  of  advance.  With  such  governors  the 
eccentric  is  almost  always  fixed  to  the  governor  and  forms  a 
put  of  it.  It  is,  therefore,  not  adjustable  on  the  shaft.  The 
vilve-etern  length  should  be  adjusted  for  equality  of  leads 
(Set.  167)  or  for  a  slightly  larger  lead  at  the  crank  than  at 
the  head  end  (Sec.  169).  If  the  eccentric  must  be  shifted  to 
obtain  satisfactory  operation,  it  is  usually  necessary  to  cut  a 


**  flywheel  keyway  into  the  shaft.  Whenever  adjustment 
°f  the  eccentric  is  made,  it  should  bo  made  only  when  tMk 
governor  is  "blocked"  (Fig.  193)  into  the  position  which  ftV 
Occupies  when  running  under  full  load  or  that  fraction  of  full 
"•d  at  which  the  engine  is  most  often  used.  Generally, 
^Pee-fourtha  to  full  load  position  is  used.  The  valve  may 
^n  be  set  by  the  methods  of  Sec.  167  to  Sec.  169.  See  also 
pteceding  Sec.  164. 

.No™.— To  Find  The  Fuli^Load  Running  Position  Op  A  Shaft 

"*»wu<08,  of  a  typo  which  changes  the  valve  travel,  run  the  engine  under 

'ullloftd  »'  ecil.     Then,  with  nacnh-,  measure  the 

»v«J,  engine  hikI  so  block   the  governor 

•I  occurs,  when  llir  engine  is  h™™< 

when  the  engine  was  rum 


mm 
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I  -  First  5«t 


176.  The  Steam-Engine  Indicator  Is  Often  Used  In  Valve- 
Setting  Operations  (Figs.  194  to  202).  See  Div.  3  for  a  pre- 
liminary discussion  of  the  application  of  the  indicator  in  valv<* 
setting.  The  indicator  may  be  used  simply  to  check  the 
setting  of  valves,  which  have  already  been  set  by  measure^ 
ment,  or  it  may  be  used  to  set  the  valves  approximately  when 
it  is  inconvenient  to  remove  the  valve  chest  cover.    There  are? 

two  fundamental  principles 
which  should  be  observed  when 
using  the  indicator  for  valve 
setting:  (1)  The  angle  of  ad- 
vance, or  position  of  the  eccen- 
tric with  respect  to  the  crank, 
determines  the  timing  of  the 
events.  (2)  The  length  of  the 
valve  stem,  or  position  of  the 
valve  on  the  valve  stem,  deter- 
mines the  relative  sizes  (areas) 
of  the  cards  from  each  end  of 
the  cylinder  with  respect  to  each 
other.  A  valve  stem  of  incor- 
rect length  will  produce  an 
effect  on  the  crank-end  card 
opposite  from  that  which  it 
produces  on  the  head-end  card. 
In  other  words,  if  the  crank-end 
card  is  found  to  be  increasing  in 
size  with  each  change  of  length  of  the  valve  stem,  it  will  also 
be  found  that  the  head-end  card  is  correspondingly  decreasing 
in  size.  Shifting  the  eccentric,  however,  will  produce  the  same 
effects  on  both  the  head-end  and  crank-end  diagrams. 


Ill-  Final  5«1 

Fia.  104. — Typical  successive  rarda 
taken  from  an  engine  while  setting  the 
valves  with  an  indicator. 


Example. — The  First  Set  of  cards,  /  (Fig.  194),  taken  from  an  engine 
which  needs  valve  adjustment,  indicate  two  things:  (1)  The  head-end 
and  crank-end  cards  are  not  the  same  size;  therefore  the  valve-stem  length 
must  be  mijusted.  (2)  All  events,  admission,  release,  etc.,  are  late,  and  there- 
fore the  eccentric  must  be  shifted  on  the  crank  shaft.  Since  the  head-end 
card  is  the  smaller,  the  valve  stem  should  be  shortened  to  allow  more 
steam  to  flow  into  the  head-end  of  the  cylinder  and  thus  increase  the  size 
^f  the  head-end  card.     Since  all  events  are  late  it  is  necessary  to  increase 
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WvtStem 
too  Short 


Lengthen 
Valve  Stem 


Fig.  195. — Illustrating  defective  slide- 
valve  setting — valve  stem  too  short 
(outside-admission  valve). 


Valve  Stem 
too  Short. 

Events 
Occurring  Ear/y 


Lengthen 
Waive  Stem. 
Move 
Eccentric  Ahead 


Fio.  196. — Illustrating  defective  slide- 
valve  sotting — valve  stem  too  short. 
(Outside-admission  valve.) 


Events 
Occurring  Late 


Move 
Eccentric  Ahead 


Fio.  197. — Illustrating  incorrect  an- 
gular advance — events  occurring  late. 
(Outside-admission  valve.) 


Events 
Occurring  Early 


Move 
Eccentric  Back 


Fio.  198. — Illustrating  incorrect  an- 
gular advance — events  occurring  early. 
(Outside-admission  valve.) 


.RE 


Incorrect  Length 
of  Valve  51  em. 
Eccentric 
improperly  Located 


H.E. 


Lengthen 
Valve  Stem. 
Move  Eccentric 
Forward 


Fio.  199. — Illustrating  defective  valve 
setting — valve  stem  too  short  and  eccentric 
too  far  back.     (Outside-admission  valve.) 


Incorrect  Length  of 
Valve  Stem. 
Eccentric 
Improperly  Located 


Shorten 
Valve  Stem. 
Move 
Eccentric  Back 


Fio.  200. — Illustrating  defective  valve 
setting — valve  stem  too  long  and  eccen- 
tric too  far  ahead.  (Outside-admission 
valve. ) 


Events 
Occurring  Early 


Move 
Eccentric  Back 


Fio.  201. — Illustrating  incorrect  an- 
gular advance — events  occurring  early. 
(Outside-admission  valve.) 


Events 
Occurring  Late 


Move 

Eccentric  Aheact 


Fio.  202. — Illustrating  incorrect  an- 
gular advance — events  occurring  late. 
(Outside-admission  valve.) 
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the  angle  of  advance,  or  shift  the  eccentric  ahead  a  trifle  to  cause 
events  to  come  earlier. 

The  Second  Set  of  cards,  //  (Fig.  194),  taken  after  the  above  ad, 
merits  have  been  made,  show  that  the  length  of  valve-stem  is  now  coi 
but  that  the  eccentric  has  been  shifted  too  far  ahead  and  that  all  ev 
are  occurring  too  early.  The  eccentric  should  therefore  be  shi 
backward  about  half  the  amount  by  which  it  was  originally  shi 
forward. 

The  Final  Set  of  cards,  ///  (Fig.  194),  indicate  that  the  valve  is : 
functioning  properly  and  that  further  adjustments  are  unnecessary. 

178.  Various  Defects  Of  Slide-Valve  Settings,  As  Dei 
mined  By  The  Steam  Engine  Indicator,  And  Their  Remed 
arc  shown  in  Figs.  195  to  202.  See  also  Sec.  112  in  Div.  3 
further  information,  relating  to  this  subject.  Much  time  , 
be  saved  if  each  set  of  cards  which  is  taken  is  studied  v 
carefully  before  resetting  the  valve.  It  sometimes  happ 
that  successive  cards  will  show  only  slight  changes  in  the  va 
setting.  It  should  also  be  noted  that  the  various  chan 
recommended  to  correct  the  defective  valve  settings  in  P 
195  to  202  are  only  for  outside-admission  slide  valves, 
inside-admission  slide  valves  are  to  be  considered,  adji 
ments  different  from  those  recommended  in  these  illustrate 
should  be  made;  see  note  following  Table  159. 

QUESTIONS  ON  DIVISION  4 

1.  What  are  the  outstanding  features  of  slide  valves?  On  what  cliiwea  of  engine* 
they  used? 

I.  What  i*  meant  by  rulre  stitinff 

3.  What  are  rulcv  dutum***  and  what  is  their  use? 

4.  K numerate  the  function*  of  a  slide  valve? 

i.  What  are  the  positions  of  the  valve  on  its  seat  and  of  the  piston  in  the  cyliwfc 
admission,  cut-off .  release,  and  compression  for  each  end  of  the  cylinder?  Draw  a  «k 
for  each  position. 

tt  K\plain.  with  a  sketch.  ^sttM.-'e^A-fftt**!.-*  aad  i'i  j:\fr-a--imij**"!  slide  ralrem. 

T.   ('numerate  the  advantages  and  duadvac:a*vs  of  plain  D-slide  valve*. 

ft.   What  are  the  advantages  anU  disad  vantages  of  ?t*:os  sbie  valve*. 

t.   IV  ::isuie-ad:v,i*»ion  valves  ha\e  any  a-hau'agv  :»:•  o u? side- ad:*: tsnon  Talrei 

10.  Praw  a  sketch  to  explain  the  principle  .*:  Valaz  ':t*  a  flat  sLuie  valve.  Wa: 
t  he  purpose  * 

II.  Sun:*»-ariic  :hc  i.lM'.'ta*'*  and  d>»«.i*  a.-:  t**-«*        "-«."»s->»:  alide- valves 

11.  Pi>e.i>»  :he  *v..--.ts  o:  :■.'.•:':. porr.-vc  1  \-t".-.  .        \ -■        .  ■  :. .  r; \&i  *.-•*! vi»s  bala-'-v 
IS.   F\p-.t:M  :>c  i»r :■.•.-.■: pie  a  ".id  pu-pose   .■:    '■■.•  -  i   :x   *-*--":   '•  i!v-*_     G:v«  :ts  a  i" 

:  tgv»  a::d  „i>*td\a:*:  c<es 

14.  IV  •$:•*'  \-a!v^  '. : .».  Pra*  >i-.:.'kes  •.."  *.  *.t  :u*.  e  :■  -  *  •  2  ■*:  .ia.  -\hai»*.  -= 
i'ao  .xutsjt.ie  lap. 

Ilk   ^fc.:>  :as:vie->».i^^»ioa  *alvv*.  wia:  jtb».7  uaaw  .-a.::  :c  $■.•._■  a  ::  :he  .araaii 
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11  What  it  meant  by  ineide  clearance?  What  class  of  slide  valves  may  have  inside 
clearance?    What  does  it  accomplish? 

IT.  Should  valve  lap  ever  be  changed?     If  so,  when  and  how? 

11  What  are  the  purposes  of  fitting  a  valve  with  lap? 

11  Draw  a  sketch  to  define  lead.    Explain  fully  its  purpose. 

tl  What  is  the  usual  operating  mechanism  for  a  slide  valve? 

It  Explain  the  similarity  of  an  eccentric  to  a  crank.     Is  there  any  difference? 

H  Define  eccentricity,  eccentric  circle,  throw,  valve  travel. 

H  What  is  the  usual  relation  of  valve  travel  to  eccentricity? 

M>  Define  the  angle  of  advance.    Upon  what  does  it  depend? 

II  Explain  the  relative  positions  on  the  shafts  of  eccentrics  for  inside-  and  outaide- 
admiauon  valves. 

H  With  a  sketch,  illustrate  connecting-rod  angularity.  How  does  it  affect  (1)  the 
piston  Telocity,  (2)  the  valve  events? 

IT.  Discuss  angularity  of  the  eccentric  rod. 

tt.  Define  dead  center  and  tell  why,  in  valve-setting,  it  must  be  accurately  established. 
Gitc  the  usual  method  of  establishing  dead  centers. 

*1  How  can  one  compensate  for  lost  motion  in  establishing  dead  centers? 

H  What  are  the  two  general  methods  of  setting  steam-engine  valves?  What  are 
the  advantages  and  limitations  of  each? 

II*  Draw  a  sketch  and  with  it  explain  the  indireci-meaeurement  method  of  ascertaining 
valve  operation. 

H  Explain  the  use  of  templets  in  valve  setting. 

**•  With  sketches  describe  how  an  eccentric  can  be  placed  exactly  on  "center." 

M.  What  are  the  possible  adjustments  of  a  slide-valve  operating  mechanism? 

1  How  should  the  valve  be  set  on  a  new  engine?     On  an  old  engine? 

*••  For  what  three  operating  conditions  may  slide  valves  be  set?  What  are  the 
advantages  of  each  condition? 

H*  How  could  you  proceed  in  setting  a  slide  valve  for  equal  leads? 

•1  Qive  the  principal  steps  in  setting  a  valve  for  equal  cut-offs.  Is  this  a  direct 
Procedure?    Has  it  any  limitations? 

"1  What  is  the  reason  for  sometimes  setting  a  slide  valve  for  unequal  leads  and  how 
i»  it  done? 

*0.  Does  setting  for  unequal  leads  provide  an  ideal  indicator  diagram?     Why? 

*!•  Does  the  setting  of  multiported  valves  involve  any  more  operations  than  that  of 
^le-ported  valves?     Why? 

**•  How  would  you  set  the  main  valve  of  a  riding-cut-off  engine? 

7*  Tell  how  to  set  the  riding-cut-off  valve  of  an  engine  on  which  a  hand-wheel 
*dju*tment  exists.     How  far  ahead  of  the  crank  should  the  eccentric  be  placed? 

H.  What  is  the  procedure  in  setting  a  riding-cut-off  valve  which  is  controlled  by  a 
,h»ft  governor? 

*••  How  is  the  riding-cut-off  valve  set  when  it  is  neither  hand-adjustable  nor  governor- 
crated? 

*••  Does  a  shaft  governor  affect  the  procedure  in  valve  setting  ?     Why  7 

*••  Is  it  generally  possible  to  set  a  shaft-governed  engine  for  any  desired  condition? 

Why? 

*••  How  do  throttling  governors  affect  valve  setting? 
**•  How  may  one  find  the  full-load  running  position  of  a  shaft  governor? 
•°-  How  do  the  angle  of  advance  and  effective  length  of  valve  stem,  if  incorrect,  distort 
Vindicator  diagram? 

*•  What  would  be  the  procedure  in  rectifying  the  diagrams  shown  in  Fig.  101? 

m     '  ^escribe  the  valves  and  valve-operating  mechanism  of  the  Mcintosh  &  Seymour 

en»ne. 


DIVISION  5 
CORLISS  AND  POPPET  VALVES  AND  THEIR  SETTE 

177.  The  Reasons  For  Employing  Corliss  Or  Poppet  Val 

are:  (l)  These  valves  are  suited  to  engines  which  require  sn 
clearances,  Sec.  305;  these  valves  can  be  located  very  near 
the  place  where  steam  enters  or  leaves  the  cylinder  and  usufi 
have  but  a  very  limited  movement.  (2)  They  are  well  adap 
where  a  quick  opening  and  closing  of  the  valves  is  necessari 
especially  where  a  quick  closing  of  the  valve  at  cut-off 
essential.  (3)  By  reason  of  their  limited  movement,  these  val 
are  subjected  to  little  friction;  the  mechanical  losses  (Sec.  11) 
such  engines  are,  therefore,  small  and  the  valves  will  operat 
long  time  without  showing  signs  of  wear. 

Note. — Engines  With  Corliss  And  Poppet  Valves  Are  Usua 
Much  More  Efficient  (see  Div.  10)  than  are  engines  with  slide  vaT 
but  to  provide  the  increased  efficiency  the  engines  must  have  a  grea 
number  of  parts  and  cost  much  more  to  construct.  They  are  there! 
used  chiefly  when  the  saving  due  to  their  efficiency  more  than  offsets  tl 
high  initial  cost. 

178.  The  Advantages  Of  Corliss  Valves  (see  Div.  2 
definition)  are:  (1)  The  valves  may  be  made  to  move  slowly  $ 
but  little  when  they  are  opened  or  closed.  (2)  The  vaX 
move  rapidly  while  opening  or  closing,  especially  where  deta 
ing  valves  are  used.  (3)  The  valves  may  be  located  very  neat 
where  the  steam  is  to  be  admitted  to  or  exhausted  from  the  cylinc 

(4)  The  valve  events — admission,  cut-off,  release,  and  compi 
sion — are  independently  adjustable,  and  only  cut-off  need 
varied  to  meet  the  requirements  of  different  engine  loa 

(5)  Steam  is  exhausted  from  the  cylinder  through  separate  val 
from  those  through  which  the  steam  is  admitted.  Thus,  1 
cooler  exhaust  steam  does  not  sweep  over  and  cool  the  adir 
sion  valves;  see  Sec.  274. 

179.  Typical  Designs  Of  Corliss  Valves  are  shown  in  Fi 
203  to  206,  and  233.  Features  which  distinguish  good  desi 
may  be  enumerated  thus:  (1)  The  valves  should  never  exk 
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meal  volume;  that  is,  there  should  be  no  danger, 
even  if  the  valve  were  stopped  in  any 
position,  of  the  piston  striking  it  and 
causing  damage.  (2)  The  mlwa  thould, 
n,  nil  po«fc'on»j  !><■  supported  on  the  seat 

throughout  their  rut/re  length;  that  is, 
there  -should  be  no  tendency  for  the 
■team    acting  on  one  side  of  the  vtdve 
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0  H"i(«  multi  ported  valves,  the  number  of  edges  past  whic 
'  occur  should  be  a  minimum.    (4)  7'/ic  total  ; 

,;,  steam  may  act  toforee  the  valve  again* 
'■ti  mi  thould  bt  a  minimum,  so  ;ls  to  reduce  the  force  cauf 
friction  at  the  valve. 
180.  Positively-Operated    Corliss-Valve    Mechanisms 

:  in  Figs.  38,  207,  208,  209,  and  235.  The  admission 
v»Ives  in  these  mechanisms  are  usually  operated  through  a 
'fist  piste  (Fig.  38)  or  through  a  system  of  separate  levers  and 
tab  (or  each  valve — these  levers  may  be  located  at  the  valve 


ig.  209)  or  alongside  the  crosshead  guides  (Fig.  207),  and 
DOSj    be  enclosed  in  a  dust-proof  case  or  they  may  be 
xpoaed.     The    valves    may,    however,    be   driven    by   rods 
liieclly  to  a  rocker  arm  as  are  the  exhaust  valves 
19.     The  exhaust  valves  arc  usually  driven   from  a 
1  wrist  plate  or  directly  from  a  rocker  arm,  although 
jBjgmetiines  driven  by  a  system  of  levers  and  links  such 
tUie  admission  valves  in  Fig.  209. 
'tages  And  Disadvantages  Of   Positively- 
live  Engines  are,  in  general,  those  stated 

Uowing  additions  si Id  lie  noted:  (1) 

^Hnlpfs  may  be  operated  itt  higher 
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speeds  than  can  the  detaching  Corliss  valves.  This  means  tl 
with  s  given  size  of  cylinder,  a  positively-operated-vt 
engine  may  operate  at  a  higher  Bpecd  and  hence  can  devr 
more  power  and  can  operate  satisfactorialy  with  a  sma 
flywheel  than  can  an  engine  which  has  detaching  val> 
(2)  The  operation  of  the  valves  is  practically  noiseless.  Deta 
ing  Corliss  engines  make  considerable  noise  as  the  dash  r 
close.     (3)  Shaft  governors  are  more  applicable  to  positive 
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182.  Detaching  (Releasing,  Or  Drop-Cut-OS)  Corliss- 
Valve  Mechanisms  (see  Sec.  50  for  definition)  are  illustrated 
in  Figs.  210  to  212.  The  valve  stem,  S,  Fig.  21 1,  is  extended 
from  the  cylinder  through  a  bracket  or  bonnet  and  has  keyed  to 
it  the  steam-valve  arm  {D,  Fig.  212).     The  hub  of  the  steam- 


bP/X3tCvt4ff 


valve  arm  forms  a  shaft  upon  which  a  bell  crank,  B,  Fig.  21  * 
and  a  knock-off  lever,  E,  are  mounted  so  as  to  turn  freely.    B 
connected  at  one  end  to  the  steam-valve  rod  (K,  Fig.  210) ;  ac 
carries  at  its  other  end  a  latch  or  hook  (C,  Fig.  212)  which 
pivoted  at  A.     The  steam-valve-  arm,  D,  has,  attached  to  5 


a  dash-pot  rod  (D,  Fig.  210)  which  leads  to  aj 
The   operation  of  this  releasing  mechat 
explained  below: 

Explanati os.  —Suppose  the  bell  crank 
ra/tv  md,  in  the  direction  indicated  in  Fi 
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ion  'ir  eatch  plate,  P,  on  the  steam-valve  arm,  D,  anil 

■    .1 t  its  :i.\is  ami  opening  the  valve.     The  dash-pot 

»  raised,  forming  a  partial  vacuum  in  the  dash  pot.     Arms  Band 

■      is  inic.  until  the  inner  arm  of  the  lateh  strikes  the 

totrt-oll  ciun  "ii  thi'  hvi  r,  E,  which  remains  stationary.     When  the 

•b  arm  does  strike  the  knock-off  cum — lever  B  still  moving  as  indi- 

fd— lhp  latch  is  rotated  about  its  pivot  at  A  and  the  cateh  plate  on  D 

■  rclnMd  trom  the  hook,  C.     The  nir  pressure  above  the  i lush-pot  piston 

nclmtely  forces  it  down,  drawing  arm  D  with  it  and  closing  the  valve. 

I       183.  Advantages  And  Disadvantages  Of  Detaching -Corliss- 

I     Vilw  Engines  are,  generally,  as  given  in  Sec.   178,  and  in 

the  following:  (1)  Cut-off  occurs  very  rapidly  irrespec- 

1 '"'.  "/  H'C  engine  speed  or  load.     This  makes  these   valves 

lory    fur    slow-speed,   long-atroke   engines,   of   which 

I     class  all  very  large  engines  necessarily  must  be.     (2)    The 

I     »aiw  cannot  be  operated  at  high  speed  because,  at  high  speeds, 

At  valves  tend  to  act  sluggishly  and  sometimes  do  not  open. 

ifilve   mechanism   is  noisy  as  compared   to  that   oi 

!. -operated   Corliss   valves.     From   the   above   it   is 

that     the    detaching-Corliss-valve     mechanism     is 

irlv  and  well  stilted  to  large  low-speed,  long-stroke 

engines. 

184   The  Elements  Of  A  Detaching-Corliss -Valve  Mechan- 

Xtaarc,  besides  the  releasing  or  trip  gear  described  hi  Sec.  1S2, 

l'"e  following:   (1)  An   eccentric,  E,  Fig.  210,  for  imparting 

to  the  valve  gear.     (2)  A  wris!  plate,  II',  which  receives 

.mil  of  the  eccentric  and  imparts  it  to  (3)  the  valve 

and  L,  which  in  turn  move  the  bell  cranks,  B,  Fig. 

•12,  and  the  exhaust-valve  arms.     Since  the  distance  from  the 

U)  the  wrist  plate  is  long,  the  connection  between 

made  up  of  (4)  on  eccentric  rod,  P,  Fig.  210,  and  (5) 

rod,  Q,  both  supported  on  a  (G)  rocker  arm,  U,  which 

he  wrisl  plate  and  eccentric  of  considerable  weight. 

■   k-ofl  levers.  A,   Fiir.   2\'2.  are  held   in  place  by    i7) 

rod*,  II,  Ftg.  210,  which  arc  controlled  through  a  betl- 

^^Kiever,  S,  by  the  (8)  gurrr nor  drop  rod,  O.      (9)  The  dash 

Fig.  210,  connects  the  steam  valve  arm,  D.  Fig. 

*"'**$}  ^ash  l>ot  P'sl"n  in  x>  F'K-  2I°- 
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two  rocker  arms,  two  reach  rods,  and  (usually)  two  wrist  plates.  The 
reason  for  using  two  eccentrics  is  explained  in  Sec.  185.  Furthermore, 
engines  of  certain  makes  depart  somewhat  from  the  exact  mechanism 
described  above  but  these  are  special  constrictions  which  are  so  designed 
for  some  specific  purpose  and  usually  differ  very  little  from  that  here 
described. 

186.  The  Features  Of  Single-  And  Double-Eccentric 
Detaching-Corliss- Valve  Mechanisms  arc:  (1)  When  a 
single  eccentric  drives  both  the  steam  and  the  exhaust  valves, 
the  range  of  cut-off  is  limited  to  about  one-third  the  piston  stroke. 
The  reason  for  this  is  explained  below.  (2)  In  order  to  obtain 
a  greater  range  of  cut-off,  separate  eccentrics  are  employed,  one 
to  drive  the  exhaust  valves,  the  other  to  drive  the  steam 
valves.  With  two  eccentrics,  the  admission  and  exhaust 
valves  can  be  adjusted  independently,  and  steam  may  be  cut 
off  anywhere,  nearly  to  the  end  of  the  stroke. 

Explanation. — Why,  With  A  Single  Eccentric,  The  Cut-Off 
Range  Is  Limited  To  About  One-Third  Stroke  may  be  explained  thus: 
After  an  eccentric,  in  rotating,  reaches  the  extreme  of  its  throw  or  its 
"center"  position  (Sec.  154),  all  of  the  motions  which  it  compels  arc 
reversed.  Now,  in  a  Corliss  trip  gear,  the  catch  plate  is  released— if 
released  at  all — while  the  wrist  plate  pulls  on  the  bell  crank.  Also,  the 
wrist  plate  ceases  to  pull  on  a  hell  crank  when  its  direction  of  rotation  is 
reversed;  that  is,  when  the  eccentric  from  which  the  wrist  plate  derives 
its  motion  reaches  its  center  position.  Therefore,  the  catch  plate  is 
released — if  released  at  all — before  the  eccentric  reaches  the  extreme  of 
its  throw.  Now,  considering  the  eccentric  motion  with  reference  to  the 
exhaust  valves,  which  it  also  operates  through  the  wrist  plate— it  tf 
evident  that  each  exhaust  valve  has  its  greatest  opening  when  the  wrist 
plate,  and  hence  the  eccentric,  is  in  its  extreme  position.  It  is  also 
evident  that  the  exhaust  valve  opens  and  closes  at  equal  time  interval* 
before  and  after  it  has  its  greatest  opening.  Therefore,  since  release  must 
occur  before  the  end  of  a  forward  stroke  and  since  compression  (exhaust 
valve  closure)  must  occur  before  the  end  of  a  return  stroke,  it  is  evident 
that  the  greatest  opening  of  the  exhaust  valve,  and  hence  the  extreme 
throw  of  the  eccentric,  must  occur  before  the  middle  of  the  return  stroke. 
It  follows,  then,  that  the  eccentric  must  occupy  its  other  extreme  position 
before  the  middle  of  the  forward  stroke.  Now,  since  the  steam  valves— 
if  released  at  all — must  be  released  before  the  eccentric  reaches  its  extreme 
position,  it  follows  that  they  must  be  released  before  one-half  stroke  & 
completed. 

It  follows  from  the  nlmve  that,  to  obtain  as  large  a  cut-off  range  as 
possible  with  a  single-eccentric  mechanism,  l>oth  release  and  exhaust  valve 
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"■nil    late.     These  conditions  might  be  satisfactory  for  ft 

.  [ii  ■.■<!;  I  nit.  for  liiptuT  speed,  earlier  release  and  more 

uii'ly  I  if  required.      These  latter  conditions  can  only 

t»  'Jitained  by  moving  the  eccentric  Forward  on  the  shaft,  and  this  in 

s  down  the  cut-off  range.     Tile  practical  cut-off  range  witA  ■ 

.i.'rir-   I  'nrliss-wilvi'   meelianiNiii   is    therefore  about  one-third 

J    iWte. 

IK  Typical  Designs  Of  Corliss-Valve  Detaching  Mechan- 
t  Trip  Gears  are  shown  in  Figs.  211,  212,  and  214  to 


B|     The  Reynolds  trip  gear,  as  shown  in  Figs.  211,  212  and 
irobably  the  oldest  design  and  most  widely  used.     It 

■  :i  :i  spring  to  cause:  engagement  of  the  hook  and  catch 
plate.     Because  springe  sometimes  break,  some  manufaeturers 

ligned  trip  gears  in  whieh  engagement  is  effected  by 

ntvity  (Figs.  214  and  219).     <  Hher  manufacturers  employ 

wtive   knock-off   cams   (Figs.  215  and  210)  which  have  an 

led  advantage  of  being  adapted  to  somewhat  faster  opera- 

■  eithei  spring-  or  gravity-opposed  rains. 

187.  Dash  Pots  For  Detaching  Corliss  Valves  (Fig.  222]  are 

■  ■■■[  differently  l>\  alum-)  every  manufacturer.  , 
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Km.  21.1— Nord berg  lo.ig-rsnie  v»lv«  itmr  and  govern 
it  supported  by  it  brackrt  on  the  governor  at  point  P  abciil 
by  Iba  knock-ofl  eeeentric  rod.  E.  At  the  bottom  end  of  tl 
■raed  lever,  A',  the  two  verlior.1  end.  of  which  m  connected 
tl,.  tii.nii.nttil  nr»i  u>  connected  by  the  drop  rod  to  the  lover 
rod  in  parallel  to  A.     Ji  i'  "I'virn^  t lint  ^iruv  this  narallet 


c  drive 


I.  it.  ■! 


1  point  P-.  Thert'T 
i>  ia  osnllnlM  bt  *■» 
,rr-f„rc.  ttie  l"« 
i  change  nf  luad  or 


itnary  function  of  the  dash  pot  is,  of  course,  to  provide  a 
sins  for  quickly  closing  the  admission  or  steam  valve  whec 
!■  rates  pl:iie  is  released  from  the  hook.  A  dash  pot  which 
■I  to  produce  only  this  effect  might,  however, 
use  much  noise  when  the  plunger  struck  the  bottom  of  the 
To  overcome  this  objectionable  feature,  dash  pots 
usually  equipped  with  a  secondary  piston  which  must 
!  mi  i  cylinder  as  it  descends.     By  properly  restrict- 
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"^tbc  opening  through  which  the  air  is  expelled,  a  very  effect- 
00  can  thus  be  provided. 

hrux.iTiiiv-  As  explained  in  See.  182,  when  the  dash  pot  is  lifted 

^rwuli  rod,  R  (Fig.  222),  a  partial  vacuum  is  created  beneath  the  piston. 

Abo,  air  is  drawn  in  through  the  hole,  //,  into  the  lower  portion  of 

When  (he  dash-pot  rod   is  released,  the  air  pressure  from 

•  iluwn  the  plunger,  which  must,  now  displace  the  entrapped 

The  passage  of  air  from  C  is  restricted  by  the  valve,  V, 

6  adjusted  as  to  produce  in  C  the  desired  cushioning. 

-VoTt.— Thk  Tan?  Gear  Should  Provide  A  Means  Fob  Closings 

"m  Steam  Valve  Ik  The  Dash  Pot  Does  Not  Function.     With  thr 

tntiolds  gear,  the  inside  of  the  hook  O,  Fig,  21S,  ru-romplishcs  thin  result 

lows   the  ihish-not  rod.     With  the  mechanisms  of  Fiisx.  L'17 

■..  valve  is  iKi.~ilivi.-ly  i-kisrd  by  (he  pin  A. 
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188.  The  Advantages  And  Disadvantages  Of  Poppet  Valves 

■  i  tot  definition)  are:  (1)  They  are  very  well  suited  to 
vitft  superheated  steam;  because  they  are  small  and  very 

.il  in  form,  they  are  not  distorted  by  temperature 
l&nges.  (2)  .4  targe  valve  opening  ie  effected  with  only  a  small 
movement;  thus,  little  work  b  required  to  move  the  valvi 
■  upening  it.  (3)  The  valve  does  not  slide  on  its  seat,  but  lifts 
nm  ike  seat;  thus,  there  is  no  wear  between  the  two  and  the 

■  I  likely  to  leak.     (4)  The  clearance  run  be  small  a 
valves;  thus,  clearance  losses  are  kept  small.     (5) 


188 
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Uing  mechanisms  are  usually  complex;  being 
■  'implicated  than  the  mechanisms  for  any  other  type  -if 
y  are  usually  also  more  expensive.  The  use  of 
°PpH  valves  in  steam  engines  is  comparatively  recent 
fwtice.  Many  new  forms  of  valve-operating  mechanisms 
*"  bring  made  but  whether  all  of  these  mechanisms  are 
•tchanically  good  remains  yet  to  Ijc  seen.  ((})  Poppet  valves 
***  nearly  balanced  because  they  expose  only  a  small  unbai- 
led area  to  steam  pressure;  they  are,  thus,  easily  lifted  from 
nr  seats.  The  slight  unbalance  is  really  desirable  as  the 
pressure  holds  the  valves  agaiuM  their  seals  and  thus 
.is  leakage,  The  use  of  pnp|H'1  valves  is  certain  to 
however,  and  increase  as  i  ime  goes  on  and  as  facili- 
1 ■  proilucl  ion  of  su|R-rlteatL'd  steam  improve, 
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Note. — Poppet  Valves  Should  Be  So  Located  In  The  Exoi 
Cylinder  That  Water  Cannot  Stand  On  Their  Seats  when  I 
engine  is  not  running.  If  water  is  permitted  to  collect  on  the  valve  ta 
it  soon  corrodes  them  and  causes  leakage.  The  slightest  leak  afford 
place  for  steam  to  blow  through  and  wear  a  larger  leak. 

189.  Single  And  Double-Beat  Poppet  Valves  (Figs.  40  a 
41)  are,  respectively,  those  (Fig.  40)  which  are  solid  and  cli 


i.  -fa.— Lvntitudini 


li rough  ry Under  of  V liter  puppet- v: 


against  one  ring  or  a  scat,  and  those  (Fig.  41)  which  arc  ma 
hollow  and  close  against  two  rings  or  seats,  one  above  t 
other.  Single-heat  poppet  valves  are  analogous  to  sini[ 
slide  valves  in  that  they  arc  forced  against  their  seats  by  t 
difference  of  the  pressures  above  and  below  the  valve,  and 
that  when  open  they  offer  but  one  passage  through  which  t 
steam  can  flow.     Double-beat  poppet  valves  are  analogo 


double-ported  slide  valves  in  that  the  difference 

mvs  above  and  below  the  valve  nets  only  on  a  pnr- 

valve's  projected  cross-sectional  area,  and  in  that, 

the  steam  may  flow  under  the  outer  edge  and 

through  the  hollow  center  of  the  valve. 

190.  Typical  Designs  Of  Poppet-Valve  Mechanisms  are 

lutnted  in  Figs.  41,  42,  223  to  227,  and  242,     In  general,  it 

may  be  stated  that  the  poppet  valve  is  given  its  motion  by  an 

MUD  (Figs.  41,  42,  224  and  246)  or  a  reciprocating 


■ 
tat  Shaft 


3  (Figs.  227  and  242)   which  in  turn  derives  its  motion 

TOO  an  eccentric.     The  eccentric  may  ho  on  the  main  or 

"ink  shaft  of  the  engine  or  it  may  be  on  a  lay-shaft  which  lies 

if  and  parallel  to  the  longitudinal  axis  of  the  cylinder 

*'»1  which  derives  its  motion  through  miter  or  helical  gears 

'.■■   shaft.     The  cam  which  operates  the  valve 

ir  be  a  positive  one — that  is,  it  may  compel  the  closure  as 

■ening  of  the  valve— or  i!  may  simply  open  the 

inat  a  spring  which  Inter  closes   the   valve.     The 

used,  should   be  located  where   the  hhj 
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and  thertby  heal  It. 

iiii|)ii:,hiii'  is  apt   U) 


■    ~1  <  ;i in   will   not   How  over 
which  is  subjected  to  high 
U  mper. 

191.  In  Setting  The  Valves  Of  A  Corliss-  Or  Poppet-Valve 
Engine,  the  Brat  tiling  to  do  is,  if  possible,  to  gel  the  manti- 

instructions  and  recommendations  as  to  the  lap  and 
W.    If  this  information  can- 

ibtained,  the  valve- 
be  done  as  directed 
n  the  following  sections.  Good 
nojM  fif  steam  lap,  exhaust 
:  p  and  Bteam  lead  for  Corliss 
0%m  are  given  in  Table  193. 

192.  The  Directions  For  Set- 
ting Valves  Of  Single-Eccentric 
Detaching-Corliss  -Valve    En- 

(aec  an: 

1    bnsuafl  Mams,  j(  thia  was 

,.  dune.     The  necessary 

oi  »rc:  (a)  Huh  marks— C,  fl, 

18  -on  the  wrist-plate 

'"if.  to  da !   the  central  and 

■itmna  of  Ihf  wrist  plate 
1,1   A  DMtric,     t,  "ii   the  wriaUplatc 
"llp.  wln.-h  is  used  with  B.C  and  D. 
Mi*  or  marks  (5,  Pig.  229}  on 
•ad  "i   eaeh  steam  and  exhaust 
he     mark     to    denote    the 
■■■    ili.    valve's  working  or  cutting  edge.     |,d)  A  mark  or  mark* 
Iik   229}  nt  the  end  of  each  valve  sent— to  indicate  il"'  position  "I 
'■'  working  edge  of  ili,  seal 

rl    1   (Fig.  228    i-  i k>  al  any  convenient  point  on  the  WTWt- 

"l"ti'  huh.  usually  mi  the  top  as  shown.     Then,  with  tlir  wrist  plate  bits 

'  viu-il  poeitiot)  (Fig.  230)— that  is,  with  the  reach-rod  pin  directly  in 

**tleal  tine  Willi  the  center  of  the  wrist  plate— murk  B  is  located  on  the 

"''lip-u-t  opposite  .1   which  ia  on  the  w-risl  plate,  us  bIiowii   In   Fig.  228, 

m.I  Dare  located  later aa descri hod  under  (4).     To  make  mark* 

""  and  7\  remove  the  back  lioiiiietn  (the  plates  over  the  valve  opening*  on 

'■>r  Opposite  side  of  the  cylinder  from  the  wrist    plate).      Remove   the 

icceaaively  from  their  seats  nnd  with  a  utraighl  edge  along  the 

s  (l'ig.  aril)  sen' htU>  m  iIl.  cii-1«.     Ttu-se  mark*  aaa 

n  .m  lightly  with  :■  ■  uanown  In  Fig.  m 

'  KAM    ANI>   KXIIAUST   \  1I.M     Hull* 
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(K  and  L,  Figs.  210  and  232).  To  do  this,  unhook  the  reach  rod,  Q,  fro  am 
the  wrist  plate  and  set  the  wrist  plate  in  its  central  position,  that  is,  wit  V 
mark  A  opposite  mark  B,  Fig.  228.  Clamp  the  wrist  plate  in  this  posi- 
tion by  placing  a  sheet  of  paper  between  it  and  the  washer,  L  (Fig.  22  S*  X 
and  tightening  the  retaining  nut.  Remove  the  back  bonnets,  as  abovt 
directed,  if  this  was  not  previously  done.     Now  adjust  the  lengths  of  th« 


steam  valve  rods,  K,  so  that  the  valves  have  a  little  lap  as  showi*  **n 
Fig.  233.  These  rods  arc  nearly  always  made  with  right  and  left-h»*^ 
threads  at  opposite  ends  to  facilitate  adjustment.  The  lap,  measia*-**1 
between  S  and  T  (Fig.  233),  will  range  from  He  to  K  in.  for  small  engs**** 
and  from  Ji  to  %  in.  for  larger  engines;  see  also  Table  193.     Then  ad  jt**' 


itrvlght-Cilgt'- 
231. — Showins  method  of  m*kin«  n>»*" 
an  end  of  *  Corlisi  vbIvb. 


the  lengths  of  the  exhaust  valve  rods,  L,  Figs.  210  and  232,  so  that  t*»« 
valves  will  just  coincide,  or — in  other  words — so  that  the  marks  E  and  J^> 
Fig.  233,  are  in  line  with  each  other.  Some  engineers  prefer  a  slis** 
amount  of  lap  at  the  exhaust  ports  (see  Table  193),  others  prefer  a  sli*** 
opening  of  the  exhaust  ports  when  the  wrist  plate  is  central;  under  tin*-** 
conditions  the  marks  E  and  F  cannot  be  in  line.     The  distance  betwess*1 


■I  Kit.  332  with  vulvc 


■  be  up  to  ;lu,  in.;  I"il   in  iiiiy  iviw,  1 1 ■- -  i 

i  tluui  the  lap  of  (he  steam  valves,  otherwise  tl 
•wing  through  without  lining  work,     When  n 
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K  and  L  have  been  adjusted,  the  paper  may  be  removed  from  the  wrist 
plate  and  the  reach  rod  fastened  to  it. 

3.  Adjust  The  Length  Of  The  Reach  Rod  (Q,  Figs.  210  and  232} . 
To  do  this,  loosen  the  set  scrqws  which  hold  the  eccentric  to  the  sha.f*t 
and  turn  the  eccentric  on  the  shaft — or,  without  loosening  the  eccentric, 
turn  the  flywheel — until  the  rocker  arm  (R,  Fig.  210)  stands  exactly 
vertical — if  the  flywheel  is  turned,  have  someone  watch  the  clearance « 
at  the  upper  ends  of  the  dash-pot  rods  (see  instruction  9).     Use  a  phinr»^> 
line,  employing  the  same  method  as  shown  for  the  wrist  plate  in  Fig. 
to  establish  the  vertical  position.     Fasten  the  eccentric  temporarily 
the  shaft  with  a  set  screw.     With  the  rocker  arm,  R,  vertical,  adj*x**t 
the  length  of  the  reach  rod,  Q,  so  that  the  wrist  plate  also  stands  verttc^»l 
or  central — that  is,  with  mark  A  opposite  mark  B  (Fig.  228). 

4.  Adjust  The  Length  Of  The  Eccentric  Rod  (P,  Fig.  210).  Ag&*  ** 
loosen  the  eccentric  set  screws  and  turn  the  eccentric  around  on  'trie* « 
shaft — or  simply  turn  the  flywheel — at  the  same  time  watching  C*^' 
having  someone  watch)  the  movement  of  the  mark  A,  Fig.  228,  wi** 
respect  to  B.  If  marks  C  and  D  are  already  on  the  wrist-plate  hu 
A  should  move  exactly  from  C  to  D.  If  no  marks  C  and  D  exist, 
should  move  equal  distances  to  both  sides  of  B.  If  A  does  not  move  _ 
specified,  adjust  the  length  of  the  eccentric  rod,  P  (Fig.  210),  until  -^ 
does.  If  there  were  no  marks  C  and  D  (Fig.  228),  they  can  now  l^* 
established  for  future  use,  at  each  of  the  extreme  positions  of  A. 

5.  Set  The  Eccentric  On  The  Shaft.     Place  the  engine  on  one  of  it 
dead  centers  (Sec.  153).     Rotate  the  eccentric  on  the  shaft  in  thedirec— 
tion  the  engine  is  to  run  until  the  admission  valve  nearest  the  piston^^^ 
opens  by  the  desired  lead.     Lead  for  Corliss  engines  may  be  taken  as*^ 
^64  to  }  32  i"-  P<-r  foot  of  stroke;  see  also  Table  193.     After  the  proper 
lead  has  been  given  to  the  valve,  secure  the  eccentric  to  the  shaft  and 
turn  the  shaft,  the  eccentric  turning  with  it,  in  the  engine's  running 
direction  to  the  opposite  dead  center.     If  the  lead  at  this  end  is  not  the 
same  as  on  the  other  steam  valve,  shorten  or  lengthen  the  connection 
between  the  eccentric  and  the  wrist  plate  but  bear  in  mind  that  much 
adjustment  in  the  length  of  these  connectors  is  not  permissible  without 
resetting  the  valves  with  respect  to  the  wrist  plate.     When  both  valves 
show  the  same  lead,  make  sure  that  the  eccentric  is  securely  fastened  to 
the  shaft. 

6.  Adjust  The  Length  Of  The  Governor  Drop  Rod  (O,  Fig.  210) 
so  that  it  oscillates  its  bell  crank,  B,  equally  out  of  its  horizontal  position 
when  the  governor  balls  are  brought  into  their  highest  and  lowest 
positions. 

7.  Adjust  The  Lengths  Of  The  Governor  Cam  Rods  (//,  Figs,  210, 
and  232).  Place  the  starting  block  or  stop  (*S,  Fig.  247)  under  the 
governor  cross  arm  and,  after  unhooking  the  reach  rod  from  the  wrist 
plate,  turn  the  wrist  plate  until  marks  A  and  C  (Figs.  228)  stand  in  line. 
The  head-end  steam  valve  should  now  be  wide  open.     Adjust  the  length 


::.  I       ill-    loHRPr,    ('. 

miiy  to  ncparatc  for  this  governor  posit  inn.      Move  (he  wHal  plate  U>  it» 
itefstavrae  position  and  adjust  the  other  governor  cam  rod  in  the  same 

I    i  am ,  it  *i  in.  thick  piece  of  wood  or  iron  ia  pli I  between  the 

u  hlork  unci  the  governor  cross  arm,  the  steam  valves  should  be 

fc"th  released  iia  the  wrist  plate  is  rucked  between  its  extreme  posit  io 

T»  prove  the  ciirreclness  of  the  cam-rod  adjustment,  raise  the  governor 

Wis  to  about  the  position  where  they  would  he  when  at  work,  thai  is.  Ion 

[hti  and  block  them  there.     Then  with  the  connections  mode 

bAm  the  eccentric  and  Ihe  wrist  plats,  turn  the  engine  shaft  -lowly  in 

■  direction  which  it  is  to  run,  and  when  the  valve  is  released,  measure 

pride  the  distance  that    the   erosshead   has  moved   from   ita 

ii'in.     Continue  to  turn  the  shaft  in  the  name  direction,  and, 

ltd  the  other  valve  is  released,  measure  the  distance  through  which  the 

has  moved  from  the  other  ext  rcfnc:  position.     If  the  cam  rods 

|    set    (cut-off  equalized),   theae  two  distances  will  be  equal 

to mrh  other.      If  they  are  not,  adjust  the  ram  rods  until  ho Ih  valves  are 

"Irwed  at   equal  distances  from  the   beginning  of  the  stroke.     The 

governor  should  then  be  blocked  into  iIk  highest  position  and  the  wrist 

I  buck  and  forth.      If  the  valves  do  not  pick  up,  the  adjust- 

If  i  hey  i  In  pick  up,  see  how  wide  ihe  valve  ia  opened 

taut  of  release.    The  valves 

*ild  not  open  more  than  About  's 

:  iiiti.-rwise,  ihe  engine  might  race 

■ ..  kwd 
1  8rr  Tkk  Safety  Toes  Ob  Cams 
*■  'V  234.1.  On  some  engines,  the 
■  m:i  of  the  governor 
■  210)  automatically 
'idea  the  adjustment  of  the  safety 
f«W.  On  other  engines,  the  safety  ^»> 
^mn  arc  adjustable  on  the  knock-off 
''''■ft.  That  is,  the  safely  cam  is  not 
y  fixed  by  the  manufacturers  to 
I  which  is  operated  by  the 
i  rods,  //.  With  either  of  the 
I  constructions,  make  sure  that, 

■  ihe  governor  block  (S,  Fig.  247)  i 

■I  under  the  cross  arm,  the  valves  ; 
ii|H'iie<l  hi  pieked  up  by  rock-  ' 
■   wrist    plate   back    and   forth 

"a   extreme    positions;  also,   when   the   cross,   arm  rests  on  the 
;esure  thai  the  valves  do  pick  up  and  open. 

Cm:  Lknotii  i>,  Thk  fUsH-l'iiT  lions  ij).  Fig.  Jilt'  ao  that, 
r  wrial  plate  is  in  its  extreme  position,  ihe  valve-anu  toe  (Fig. 
I  iii-n  ineea  between  the  latch  slops  nliove  and 
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it,  as  .shown  at  G  and  J,  Fig.  234.     The  lower  stop  is  that  catch  on  tlie 
hook  or  latch  which  raises  the  valve  arm.     The  upper  stop  is  the  upper 
side  of  the  latch  opening  which  brings  the  dash  pot  to  its  lowest  position 
if  the  dash  pot  does  not  of  itself  come  down.     This  adjustment  is  very 
important  because,  if  no  clearance  is  provided  at  J,  the  valve  may  not 
pick  up  and  open ;  and,  if  no  clearance  is  provided  at  G,  there  is  danger  of 
breaking  off  the  bonnet  (Fig.  211).     It  is  evident  that  if  there  is  too  little 
clearance  at  G — too  much  clearance  at  / — the  dash-pot  rod  will  hold  up 
the  valve  bell  crank  at  the  steam-valve-rod  end.    Thus,  when  there    is 
too  little  clearance  at  G,  the  bell  crank  cannot  turn  and  must  either  sbop 
the  motion  of  the  wrist  plate  or  move  upward  as  a  whole.    If  the  b>«ll 
crank  does  thus  move  upward,  it  imposes  a  force  against  the  bonnet  on 
which  it  is  mounted;  under  such  conditions  the  bonnet  is  usually  brolc^n 
off.     To  safeguard  against  this  damage,  provide  the  equal  clearances  a*>  G 
and  /  as  directed  above. 

10.  So  Adjust  The  Dash-Pot  Aie-Regulating  Valve  that  the  phm^>- 
ger  will  drop  quickly  enough  that  it  need  not  be  pushed  down  by  tJte 
latch  hook.     If  the  plunger  descends  too  quickly  and  slams,  the  val  ^e 
should  be  regulated  until  the  proper  speed  is  attained.    The  dash  p*^ 
should  be  well  lubricated  but  not  excessively.    Too  much  oil  may  cho»^B*e 
the  air  passages  and  cause  breakage  of  the  dash  pot. 

11.  Check  The  Exhaust  Valve  Rod  Length  by  turning  the  engi-^*4 
over  in  the  direction  of  running  until  the  crosshead  stands  the  distar»~c 
from  the  end  of  stroke  as  given  under  "trial  compression11  in  Table  lfc^* 
See  then  if  the  marks  E  and  F  (Fig.  233)  are  opposite  each  other.  If  tlm-  "^ 
are,  the  engine  will  have  the  compression  recommended  by  that  tab*^^' 
If  the  marks  are  not  opposite,  decide  whether  you  want  to  set  the  engfc-  % 
for  the  compression  recommended  in  Table  193,  or  instead  if  you  want  1 
try  the  compression  as  the  valves  are  already  set.  If  you  want  tzz*»* 
recommended  compression,  adjust  the  proper  exhaust-valve  rod 
Fig.  210)  so  that  marks  E  and  F  (Fig.  233)  are  in  line.  If  you  want 
try  the  compression  as  already  set,  simply  turn  the  engine  until 
and  F  are  in  line  and  measure  the  distance  of  the  crosshead  from 
end  of  the  stroke.  Now  turn  the  engine  to  the  same  distance  from  f> 
end  of  stroke  on  the  other  end  and  adjust  the  other  exhaust-valve  rod 
the  marks  E  and  F  for  the  other  exhaust  valve  are  in  line.  The  comj 
sions  at  the  two  ends  are  thus  checked  for  equality.  This  entire  step 
however,  very  frequently  omitted  by  many  engineers.  After  this  adju5^ 
ment  is  finished  the  back  bonnets  or  plates  may  be  replaced  on  th^ 
cylinder. 

12.  Attach  Indicators  To  The  Engine  And  Take  Diagrams  at 
both  ends  to  see  that  the  valves  are  properly  set.  This,  of  course, 
is  done  after  the  bonnets  are  replaced  and  the  engine  is  running  under  its 
usual  load.  It  will  usually  be  found  that  slight  imperfections  still  exist  in 
the  valve  action;  see  Sec.  112.  These  may  be  corrected.  Table  194  will 
be  of  great  assistance  in  making  the  fine  adjustments  which  may  now  be 
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oeoeauy.  In  making  these  adjustments,  one's  attention  should  first  be 
directed  to  the  action  of  the  exhaust  valves.  After  the  exhaust  valves 
function  properly,  the  admission  valves  may  be  adjusted,  if  necessary. 
Very  frequently  a  number  of  rods  must  be  adjusted  to  effect  a  desired 
change.  For  this  reason  setting  the  valves  by  indicator  diagrams  is 
nther  difficult  for  the  inexperienced  engineer;  hence,  the  valves  should 
•Jwiyg  be  set  initially,  as  accurately  as  possible,  by  measurement  as 
hereinbefore  outlined. 

193.  Table  Of  Leads,  Laps,  And  Trial  Compressions  For 
Detaching  Corliss-Valve  Engines. — All  dimensions  arc  in 
inches.  Short-stroke  engines  require  slightly  smaller  values, 
fong-stroke  engines  require  larger  values. 
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^stance  of  piston  from  end  of  stroke. 

**hese  values  are  for  single-eccentric  engines.     Double-eccentric  engines  are  usually 
'°r  negative  steam  lap  (open  port)  of  one-fourth  the  full  port-opening. 
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19S.  la  Setting  Valves  Of  Double-Eccentric  Detaching 

Corliss-Valve  Engines  the  same  processes  can  be  used  a 

ctv?n  in  Sec.  192  for  single-eccentric  engines  with  the  following 

differences:    The  steam  and  exhaust  valves,  since  they  an 

actuated  from  separate  wrist  plates,  are  set  for  lap  when  theii 

respective  wrist  plates  are  central.    The  steam  valves  are, 

however,  set  for  negative  lap;  see  Table  193.    The  rocka 

anus  must  be  set  vertical  when  the  respective  wrist  platea 

are  vertical.    The  exhaust  eccentric  can  be  set  to  give  com- 

pretsaoa  as  specified  in  Table  193.    The  steam  eccentric  is 

separately  set  to  give  the  desired  lead.    When  setting  the 

$&e*cix  eccentric  for  lead,  the  style  of  wrist  plate  which  operates 

liw  <J$e*m  valves  determines  whether  the  eccentric  should  be 

*twve*i  tct  the  same  direction  as  the  crank  or  in  the  opposite 

juwt&wu    Similarly,  an  inspection  of  the  valve  gear  must  be 

•tuuiu  5v?  determine  in  which  direction  to  turn  the  eccentric 

*%ih?n  j^ttsting  the  exhaust  valves  at  the  point  of  closure  or 

kviiiifl*«sfictt.    If  the  exhaust  wrist  plate  is  moved  by  an 

titaciutKtiti  above  its  point  of  support,  as  with  the  steam 

\  ,-iiv^  :a*  eccentric  must  be  moved  in  the  direction  in  which 

ik   'iqtMtv  is  to  run,  and  the  position  of  the  exhaust  eccentric 

miU    v   tcar^y  that  of  the  steam  eccentric.    If  the  point  of 

t.uht'iuticiiQ  *  Mow  the  point  of  support  (Fig.  220),  the  eccen- 

uc  -uiu4  'A*  waived  in  the  opposite  direction  to  that  in  which 

ik   -o&tuc  is  5V*  run. 

t*&  IA>  8**  Try  To  Lengthen  The  Cut-Off  Of  A  Corliss 

b*^UMt     XJLctv  engineers  have  lost  employment  for  attempt" 

^    iu.v     t*i  v>i\ier  to  make  an  engine  carry  more  load,  it 

..N\  ^v.u  Kvvtfsary  to  adjust  some  rods  to  lengthen  the  cut- 

i...*w    l  'aicr\     It  is  true  that  this  will  cause  an  engine 

■f  v.  ».\   u  .%  slightly  higher  speed;  but,  unless  great  care  is 

.  v     .    w  ■*,  *pi  u>  make  the  operation  of  the  engine  unsafe 

is   Os^vi  *eiv  suddenly  thrown  off  of  the  engine.     Thai 

*-.-..   .  u   uSkt  $y vvrnor  collar  is  raised  sufficiently  to  alio* 

v     -x.    iUin  **rvvvnt  the  admission  valves  from  opening 

.  .*  ^ . .  *  iK-u  the  load  is  taken  off,  that  the  engine  might 

.»  .,»        V.xw  siKuij&tug  the  cut-off  by  changing  rod  length? 

*u  >atVt-y  cams  from  coining  into  operation,  il 

\  a  NiK^iW  brvak  or  ^  its  pulley.     Hence 


*  » 
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o  Make  A  Corliss  Engine  Carry  More  Load  one  of 

should  be  attempted:  (1)  Increase  the  *tt am 

■  ■irn'  i-  safe  for  higher  pressure.     (2)  Reduce 

(3)  Increase  the  engine  speed  as  directed  in 


Setting  Positively-Operated  Corliss  Valves  And 
Valves,  if  manufacturers'  instructions  are  not  at 
btain&ble,  a  greater  deal  is  left  to  the  ingeniousness 
niiim-i'i.  This  must  necessarily  be,  because  of  the 
EtafB&t  forma  of ■  operating  mechanism  which  these 
nploy.  The  instructions  for  several  engines  arc 
following  sections  and  may  be  studied  as  a  guide 
i  the  principles  which  are  given  may  be  readily  applied 
it  engines. 

he  Directions  For  Setting  The  Valves  Of  Ball  (Posi- 
perated)  Corliss  Engines,  Tig,  235  (Erie  Ball  Engine 

dor  should  always  be  used  in  setting  the  valves  of  those 

hiiIiipm!  iN  use  ouly  a  rough  approximation  can  be  made. 

iluifiv  necessary  to  act  them  without  an  indicator,  the  first 

is  to  put  the  governor  eccentric  in  1  fir  short  rat  travel  and 

>re.     This  is  very  important,  us  it  is  impossible  to  set  the 

t-ily  without  doing  so.     To  put  the  eccentric  in  its  shortest 

(  r|n   iinh-r  nf  the  eccentric  in  line  with  the  center  of  the 

>in  and  the  center  of  the  shaft.     The  governor  should  then  be 

ist  the  atop  which  limits  its  movement  in  that  direction. 

.■  governor  blocked  in  this  position,  turn  the  engine  until  the 

valve  at  the  crank  end  moves  :m  Far  toward  opening  us  it  will. 

i  opts  i  In-  port  at  all,  hut  should  lack  !31  to  'm  in.  of  coming 

[I  11  does  not,  if  will  be  necessary  to  adjust  the  length  of 

in  the  rocker  arm  and  the  cylinder,  until  the  valve 

.    I  .  ■  In,  'if  ooming  line  aud  line.      Then,  turn  thcengine  to 

.  d  canter  and  adjust  the  link  connecting  the  two  gear  cases, 

i  alve  at  the  head  end  aJso  lacks  Hi  to  Ms  '"■  °f 

■ii|i|ete  the  setting  of  tin?  nd mission  valves  as  far  as 

ne  without  an  indicator.     Upon  taking  cards  it  will  probably 

ia I  alight  changes  will  be  advantageous. 

ud  to  the  exhaust  valves;  if  the  cylinder  is  less  than  19  in. 

have  a  link  con ting  the  cranks  of  (he  two  exhaust  valves. 

■sb  than   1!)  in.  bore,  (his  link  should   ! 
iter  to  center,  :>-  the  distance  apart  of  the  two  valve  spindles. 
m  having  19  in.  or  larger  bore  (Fig.  23B),  where  the  exhaust 
operated  from  a  wrist  plate,  the  short  links  count 
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valve  cranks  to  the  wrist  plate  should  be  adjusted  to  such  a  length  that, 
when  the  wrist  plate  is  turned  to  bring  the  centers  of  the  two  link  pirn 
and  the  center  of  the  wrist-plate  pin  in  a  straight  line,  the  valve  will 
cover  the  exhaust  ports  with  equal  lap  on  each  side  of  the  ports. 

Next,  roll  the  engine  over  by  hand  and  note  whether  one  exhaust  vain 
opens  wider  than  the  other.  If  it  does,  adjust  the  length  of  the  reach 
rod  until  both  valves  open  equal  amounts.  Then  adjust  the  position 
of  the  eccentric  on  the  shaft  so  ss  to  have  compression  begin  at  the  desired 
distance  from  the  end  of  the  stroke.  If  an  indicator  is  used,  try  to  adjust 
so  that  the  compression  will  run  up  to  about  one-half  the  throttle  pressure. 


It  is  IhwI  to  haw  a  little  more  compression  at  the  head  end  than  at  the 
■r:ink  'Mid,  as  rite  piston  travels  faster  at  the  head  end  and  it  require* 
noi-v  i'iim|Mv.-sii»n  ihriv  tii  cushion  ii  properly.  The  proper  amount  of 
■ompn-ssion  is  iho  amount  which  makes  the  engine  run  most  smoothly, 
mil  the  i>ii!j   way  of  determining  it  i*  by  experiment   after  the  enRine 


In  !»di«s:it;«  the  admission  v.i!v,».  hi 
i-.-tnl»  mil  l<e  pra«-!i.!ilh   n'.iko  a!  no  loa 

wil:  :;■;    ■;■  o*cr  half  of  she  throttle  t« 

B.'i.vji.'r  «:'!  automat  wall}-  take  c*j 


o  the 


jihtly  higher  on  the  head 

«n  by  the  cards  at  no  loan' 

Then  this  is  done  the 

'oswls.     At  an  early 
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Steam  Valves 


Bell 
Cranks 


y-Exhaust  Valves     1 


B 


>* 


cut-off  there  will  be,  and  should  be,  considerable  wire  drawing.  Do  not 
try  to  prevent  this,  as  it  is  right  to  have  it  that  way,  and  it  is  necessary 
for  the  best  economy. 

200.  The  Directions  For  Setting  Valves  Of  The  Fleming- 
Harrisburg  Four-Valve  Engine  (Harrisburg  Foundry  and 
Machine  Works)  are : 

Disconnect  the  reach  rods  and  locate  the  dead  centers  of  the  engine. 
After  the  centers  have  been  located,  turn  the  engine  until  the  steam-valve 
rocker  arm  stands  plumb.  Now  adjust  the  reach  rods  from  it  to  the  valve 
arms  so  that  the  bell  cranks  are  inclined 
slightly  from  the  vertical  center  line  passing 
through  the  valve  stems,  toward  the  head 
end  as  shown  in  Fig.  236,  where  the  amount 
of  inclination  is  indicated  at  A  and  A\. 
The  amount  of  this  inclination  of  the  steam- 
valve  bell  cranks  varies  for  different  cylinder 
siies  and  is  as  stated  in  Table  201.  Next, 
turn  the  engine  until  the  exhaust-valve 
rocker  arm  stands  plumb  and  adjust  the 
'each  rods  from  it  to  the  exhaust-valve 
&nns  so  that  these  incline  from  each  other 
~-each  to  its  own  end  of  the  cylinder — by 
the  amount  shown  in  column  B  of  Table  201. 
For  the  high-pressure  cylinder  of  a  tandem- 
compound  engine  the  exhaust- valve  arms  are  turned  upward  instead  of 
down;  this,  however,  does  not  change  the  angle  of  inclination,  these  arms 
being  set  at  the  inclination  specified  in  the  table,  and  away  from  each 
other  as  before.  For  very  large  low-pressure  cylinders,  where  bell 
cranks  are  used  on  the  exhaust  valves,  these  also  are  set  at  the  inclination 
specified  in  this  table  except  that  they  incline  toward  each  other.  To 
^e  the  eccentric  rods  of  proper  length,  adjust  them  so  that  the  rocker 
arni8  will  travel  equally  on  both  sides  of  their  neutral  vertical  positions. 

The  valves  should  next  be  set  in  the  proper  relation  to  the  valve  arms 

before  clamping  the  arms  to  the  stems,  and  forcing  the  set  screws  into 

Place.    To  do  this,  place  the  engine  on  its  head-end  dead  center  and 

disconnect  the  springs  from  the  governor.     If  the  governor  has  been 

•^justed  for  proper  engine  speed  measure  the  length  of  each  spring  before 

disconnecting  it  so  that,  when  the  springs  are  replaced,  the  initial  tension 

c*n  be  restored.     With  the  springs  removed,  block  the  governor  in  the 

Position  of  least  travel,  that  is,  against  the  outer  stops;  remove  the  valve 

cover-plates  and  note  the  marking  of  the  valves  and  ports  (Figs.  237  and 

288).    This  marking  will  be  found  on  the  ends  of  the  valves  and  at  the 

Buds  of  the  cylinder  ports,  the  steam  edges  and  exhaust  edges  all  being 

Harked  & 


Fio.  230. — Diagram  of  levers 
of  Fleming-Harrisburg  four- 
valve  engines  (The  dimensions 
demgnated  by  A  and  B  are  to 
be  taken  from  tabic  201). 
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Now,  on  simple  engines  and  on  the  high-pressure  cylinders  of  compound 
engines,  set  the  head-end  steam  valves  so  as  to  overlap  the  port  edges,  S, 
by  about  Me  in.,  which  may  be  termed  negative  lead,     Then  clamp  this 


valve  arm  on  the  stem  and  turn  the  engine  in  the  direction  in  which  it 
will  run  to  Ihc  crank-end  center.  Set  the  crank-end  steam  valve  will 
about  !-32  in.  lap  or  negative  lead  and  clamp  the  valve  arm  on  the  item. 


H»iriiburs  fourTil" 


This  negative  lead  is  especially  necessary  for  condensing  engines,  to  prevent 
the  engine  from  running  away  when  the  load  is  thrown  off.  The  port 
usually  do  not  open  to  steam  at  all  with  the  governor  blocked  in  tfcfc 
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!    positively   must  not  open    more   than   enough    tn  admit 
rftoent  steam  10  overcome  the  friction  of  the  engine. 

:n>i  of  the  governor  should  now  be  changed.     Fix  ii  in  such 
I  u  ill  give  about  'f  cut-off.     To  do  this,  the  point  of  cul-ofT 

■  iicl  nn  the  guides  lty  making  marks  on  the  lower  guide  in 
be  with  the  mark  on  the  criiBshead  Bhoe  for  each  dead-center  position, 

■  i  In;  distance  between  them   into  three  equal  parts.     Now 
ton  the  engine  over  until  the  mark  on   the  crosshead  shoe  is  in  line 

»rth  the  point  Oil  the  guide  corres] ling   In   '  :■.  rnl-nlY  fur  liic  head  cud 

id  block  the  governor  so  that  the  valve  is  line  and  line  at.  the  steam 

turn  the  engine  over  until  the  valve  shows  the  cut-off  on  the 
It  will  be  noted  that  the  I'rosshead  has  not  traveled  the  full 
ft  stroke,  as  indicated  by  the  crosshead  and  guide  marks,  liy  from  ;,_, 
'1  in,  depending  on  the  size  of  the  engine.  An  adjustment  of  the  valves 
nil  (■■  ituv.le,  «  hirli  will  lessen  this  amount,  but  it  will  increase  I  lie  dilfer- 
1  in  lead  between  the  two  ends.  Hence,  this  adjustment  must,  be 
I  -ii  i!ir  l.i-v-i  advantage,  lead  and  cut-off  considered.  It  will  be 
d  that  lead  materially  increases  for  later  points  of  cut-off  and  tends 
lo  nuke  the  engine  pound  if  (on  great. 

TV  exhaust  valves  may  be  properly  set.  by  turning  the  engine  over  to 

bring  the  valve  arms  and  rocker  sinus  into  t In.-ir  neulrsil  |«)sitions.     With 

in  this  neutral  position,  adjust  (be  head-end  exhaust  valve  with 

*b"ut  *i«  in,  lap  and  the  crank-end  exhaust  valve  with  }.-i  in.  lap.     Now, 

h»  determining  trial  compression  make  a  mark  on  the  guides  measuring 

dead-center  mark:  For  the  high-pressure  eylinder  of  a  cotn- 

.■:,.■   .  L-  l  r  i '  j  I  lie  iJiiirk  -iln  itfti  I  be  rdiui  it  1  i  a  in.  fniluciU'ln-udof  I  be  stroke. 
inple  engine  or  the  low-pressure  cylinder  of  a  compound  engine 
ftf  murk  should  be  about  3  in,   from  the  end  of  the  stroke.     These 
nosniements  will  increase  for  engines  having  24  in.  or  larger  stroke. 
:    the  two  exhaust  valves  on  the  valve  stems,  and  turn  the 
ver  in  the  direction  in  which  it  will  rim  until  the  crosshead  mark 
s  with  the  head-end  mark  just  made  on  the  guides.     This  will 
twisiK  Ihe  crank  pin  below  the  center  line  of  the  engine,  and  the  piston  in 
Noon  (or  compression  at  the  head  cud  of  the  cylinder.     With  the 
A  still  in  (his  position,  turn  the  eccentric  around  on  the  shaft  until 
^vslve  and  port  edges  (.S,  Fig.  237)  coincide  for  the  head-end  valve. 
^k  valve  is  now  in  proper  relation  to  the  crank  for  compression  and  I  be 
■  t  screw  should  he  set  down  on  the  shaft.     The  engine  should 
wi  be  toned  over  until  Ihe  crosshead  mark  coincides  with  the  crank- 
""I  ii  •  in  press  ion  mark  on  the  guide,  when  the  two  edges  .S  of  the  crank- 
ed exhaust  valve  and  seat  should  coincide.     If  they  do  not,  loosen  the 
**ttt  stem  in  the  arm  and  turn  the  valve  so  that  these  two  marks  do 
•ids  anil  fasten  it  again.     This  valve  is  also  now  right  for  compres- 
■I  i  iug  just  described.  Ihe  crank-cud  exhaust  port  should 
•-half  open  when  the  engine  is  on  head-end  dead  center, 
■o  fie  true  for  the  bead-end  valve  when  I  lie  engine  is  turned 
id  center. 
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HO.  Table  Of  Dimensions  For  Setting 
ttdgway  Simple  Four-Valve   Engines.— 
The  steam  valves  are  set  with  the  gov- 
ernor bar  blocked  against  the  outer  stop, 
thus:  When  crank  is  on  head-end  dead 
tenter,  set  head-end  valve  with  }$2  in. 
lead.    When  crank  is  on  crank-end  dead 
tenter,  set  crank-end  valve  with  Me  ">■    omna-sSw 
lead.    Set  exhaust  valves  and  eccentric  to    *%rByi3,  _gb    . 
the  following  dimensions  which  apply  to  m,tii<j  oi  iontim  i 
Fits.  239  and  240.  *■*  •"•»'*' on  *" 


Fio.  240 .— DU«rj 


■esnoc  of  Ridiwny  ai  in  pip  fi. 
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904.  Table  Of  Results  Of  Adjustments  To  Ridgway 
Simple  And  Cross  Compound  Four-Valve  Engines. — Tlio 
letters  referred  to  arc  shown  on  Fig.  240. 
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-' 

Hteam  valves 

Ic  end 

Adjustment 

Head  end 

Cran 

Admission 

Cut-off 

Admission 

Cut-off 

Turn  stem  A  in  arm  B  counter- 
clockwise or  shorten  rod  C. 

1 
Earlier     or    Later 

more  lead 

Unchanged 

Unchanged 

Turn  stem  E  in  arm  F  clockwise 
or  lengthen  rod  D. 

Unchanged  '  Unchanged 

i 

Earlier     or 
more  lead 

Later 

Lengthen  reach   rod   AT  or  turn 
shaft    0    in    arm    P    counter- 
clockwise. 

Earlier     or    Later 
more  lead  , 

i 

Later  or    Earlier 

less  lead 

i 
1 

Exhaust  valves 


Head  end 


Crank  end 


Adjustment 


Release     i    Compres- 


Release 


sion 


Turn  stem  G  in  arm  //  clockwise    Earlier 
or  shorten  rod  A'.  , 


Later 


Unchanged 


Compres- 
sion 


Unchanged 


Turn  stem  L  in  arm  J  clockwise  or 
shorten  rod  L. 

Unchanged 

Unchanged 

Earlier 

Later 

i 
i                        ' 

Later             |  Earlier 

Turn    exhaust    eccentric    around 

shaft  in  direction  of  rotation ....    Earlier 

Earlier 

j 

Earlier          j  Earlier 

H.P  Cylinder 
Head  End  Steam  tofve  CranhEm 'Steam  UrAe 


L.  P.  Cylinder 

Head-End  Steam  \btve  Crank  End  Steam  Vxlve 


.1 


TM     To  HP  Eccentric 


To  LP  Eccentric 


Arrows  Show  Direction 
Vales  Move  To  Open 


Head-End  Exhaust 
Vatve 


Crank-End Exhaust 
Valve 


Head-End  Exhaust 
Valve 


Crank-End  Exhaust 
Valve 


Fia.  241, — Dlggram  of  valve  gearing  of  Ridgway  tandem-compound  four-valve 
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SOS.  Table  Of  Results  Of  Adjustments  To  Ridgway  Tandem 
Compound  Four-Valve  Engines. — The  letters  referred  to  are 
on  Fig.  241. 


High-pressure  steam  valves 


Adjustment 


Head  end 


Crank  end 


Admission 


Tm  stem  A  in  arm  B  counter- 
doekwise  or  shorten  rod  C. 


Twartem  E  in  arm  F  clockwise  or 
■korten  rod  D. 


Earlier     or 
more  lead 


Unchanged 


Cut-off 


Later 


Admission 


Cut-off 


Unchanged     Unchanged 


Unchanged     Earlier     or    Later 
more  lead  , 


^ftftbtn  reach  rod   M  or  turn 
•*»ft  0  in  arm  P  counterclock- 


Earlier     or    Later 
more  lead 


Later   or     Earlier 
less  lead     ! 


Low-pressure  steam  valves 


Adjustment 


Head  end 


Crank  end 


Admission 


Cut-off 


Turn  stem  A  in  arm  B  counter- 
cfockwise  or  shorten  rod  C. 


Tttrn  item  g  in  arm  F  clockwise  or 
•korten  rod  D. 


^^hcn  reach  rod  AT  or  turn 
•haft  Q  in  arm  R  counterclock- 
wise. 


Turn  low-pressure  eccentric 
•round   shaft   in   direction    of 
*  rotation. 


Earlier     or  ,  Later 
more  lead  ' 


Unchanged  I  Unchanged 


Earlier     or    Later 
more  lead 


Earlier     or 
more  lead 


Earlier 


Admission 


Unchanged 


Earlier     or 
more  lead 


Later   or 
less  lead 


Earlier     or 
more  lead 


Cut-off 


Unchanged 


Later 


Earlier 


Earlier 
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Hndnd 

c^-a 

Adjustment 

Helen* 

■ion 

-_ 

"B- 

Turn  item  0  in  urn  ft  clockwise 
or  ■horten  rod  K. 

Earlier 

Luter 

Unchanged 

Unshutfd 

Tarn  item  L  io  »rm  J  eoonter- 
elockwue  or  l*m-th*n  rod  L. 

Unohanaed 

UbcJuuwwI 

Barber 

Later 

Shorten  mi'h  rod  N.               j   Earlier 

Later 

Latar 

Barber 

■round   «hnlt   in    direction    of 

Enrlier 

Eaiiier 

Earh'er 

Earlier 

Low-p 

re-are  e-heu*  ™lvee 

He-drud 

Cnnk  end 

r,i«-  .  CT£» 

Brieae* 

"ST 

<>  urn.  G  in  arm  //  rlorkwi 


lurhuard     raehanaad    Earlier 


206.  The  Directions  For  Setting  Poppet  Valves  On  Ames 
"Una-flow"  Engiot^jAmrc  Iron  Worte>  are:  The  valve 
grsr  should  be  *•)•_■  ^■Utaet  According  to  the  tram  marks, 
U.  fount!  imi^b  ml  brad?  as  shown  in  Fig.  225. 

TV  pro|tegdB  s,  heliwo  punch  marks  on  the 

■  the  rod.     If,  for  any 
wry  setting  of 
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ui  Ik1  made  as  follows  ami  the  final  Betting  n 
tffcran  indicator  has  been  used  on  the  engine.  (See  Fig.  '1 
''■nllu-iinition  of  complete  engine.) 

[,  Two-Valve      Type,      straight      unit-flow,      (a)      Main     Valves. 
ImmM  the  eccentric  rod  lo  the  rocker  arm  and  adjust  the  length  of  the 
I  I  lie  rocker  travels  equal  distances  to  both  sides  or  the  vertical 
«firn  die  engine  is  turned  over  by  hand.     Then  adjust  the  valve  stei 

.  i  in    8421   *°  that  there  will  be  about  ?iooo  in-  space  between 
Ail  part  of  the  cams  and  the  rollers  in  the  roller  rods.     This  spuee  can 

ith  a  thickness  gage  m- 
•rrtnl  through  the  peephole  opening  in 
th  -i'ii'  <p|    the   bonnet.     This  space 
c  :if  ter  the  engine  has  been 
•irmod     by     the     high-temperature 
strani  nnd  should  be  about  ?ino«  in. 
ti  the  engine  is  in  normal  opera- 
tion.   Hut,  connect  the  reach  rod,  It 
'f'i*.  ^25).    to    the    crank-end   roller 
""I.  C,  and   adjust  the  length  of  the 
rt«b  rod  so  that,  with  the  engine  on 
I   dead  center,   the  roller,  Q 
i'i  (he  crank-end  roller  rod 
t»l  touches    the   cam,    M.    Then,    F'"'  Mi.-Swti™  u,t,.„*t,  I, 
•ith   the  engine   on   head-end   dead  "*  ""  °      "'™ uo'  ow  *" 

ii-t  the  ball  rods,  B,  over  the  cylinder,  so  that  the  rolli 
'"it-end  roller  rod  just  touches  the  cam  as  at  the  crank  end. 
^itli  the  engine  running  under  normal  loud,  take  indicator  diagrams 
Hike  whatever  adjust  men  ts  si 'em  necessary  to  make  the  diagram 
In  making  these  adjustments,  give  attention  first  to  the 
"auk-end  valve.     Then,  after  that  is  properly  adjusted,  set  I  he  head-end 
v"h'r.     The  effects  of  adjustments  of  the  reach  anil  hull  rods  are  given  in 
Tilde  207.     Bear  in  mind  that  the  valve  motion  is  very  sensitive  to 
"1,'iiMmetit  and  that  very  little  change  in  rod  length  is  required  lo  make  a 
"*y  material  change  in  the  indicator  diagrams.     In  most  cases,  the  lead 
later  and  the  admission  line  will  not  be  as  good  at  the  head  end 
...  .  ..ink  end,  and  if  there  is  any  difference  in  the  compression  it 

wfllshnw  highest  at  the  bead  end. 

ihould  be  exercised  when  increasing  the  lead  on  the  valves,  while 
■  engine  is  carrying  load,  not  to  increase  it   lo  such  an  extent   that 
*  governor  will  lose  control  of  the  engine's  speed  when  operating  at 
or  no  load.     This  condition   may  occur  if  the  rollers  are 

ir  under  the  cams  with  '1 ngmc  carrying  a  load  that,  when 

load  ia  thrown  off  and  the  governor  is  on  its  minimum  travel,  the  rollers 

be    contacting   with   the  eaitis  ami   lifting  the  valves  slightly. 

it  would   thus  !»'  admitted  lo  the  cylinder  eaualng  the  governo 


the 
ical 

: 
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lose  control  of  the  engine  at  friction  or  light  load.  If  this  occurs  it  is  only 
necessary  to  decrease  the  lead  to  such  an  extent  that,  with  the  maximum 
steam  pressure,  the  governor  will  control  the  engine  at  friction  load. 
Typical  indicator  diagrams  are  shown  in  Fig.  243.-7. 

If  the  engine  is  to  operate  sometimes  condensing  and  sometimes  non- 
condensing,  the  valves  should  be  set  for  condensing  operation,  as  a  con- 
densing engine  will  not  operate  satisfactorily  with  as  much  lead  when 


I- Indicator  Diagrams 
From  Una-Flow  Engine 

Non-Condenshg 


Diagram  Shows  Late  Admission 
On  The  Head- End 


Diagram  Shows  Late  Admission 
On  The  Crank- End 


Correct  Non- Condensing 
Diagram 


Correct  Condensing  Diagram 


I-  Indicator  Diagrams  From 
Coritrolled-Cxn^resslonUlwfToiw 
Ail  Diagrams  Taken 
Non-Condensing 


Diagram  Shows  Late  Admission 
$n  The  Head-End 


Diagram  Shows  late  Admission 
On  The  Crank- 1 


Diagram  Shows  Crank- End 
Exhaust  Valve  Closes  Too 
Early  Causing  High 
Compression  On  Crank-End 


Diagram  Shows  Head- End 
Exhaust  Valve  Closes  Too 
Early  Causing  High 
Compression  On  Head-End 


A  Correct  Diagram 
Fia.  243. — Typical  indicator  diagrams  from  Ames  "una-flow"  engines. 


operating  condensing  as  it  will  when  operating  non-condensing,  due 
to  the  action  of  the  vacuum  in  addition  to  the  very  early  admission  of 
steam. 

(6)  Automatic  By- Pass  Valves  (Fig.  244).  All  engines  built  for 
condensing  operation  are  furnished  with  by-pass  valves  which  are  auto- 
matically controlled  by  the  pressure  in  the  exhaust  pipe  or  exhaust  belt 
of  the  engine.  The  object  of  the  by-pass  valves  is  to  automatically 
increase  the  volumetric  clearance  of  the  engine  in  case  of  loss  of  vacuui 
or  in  case  the  vacuum  falls  below  a  predetermined  point,  also  to  ar*' 
maticofly  decrease  the  clearance  when  the  vacuum  is  restored  or  p 


f     above  the 
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above  the  predetermined  point.  The  additional  clearance  space  is 
within  the  cylinder  head  at  the  bottom.  The  by-pass  valve  opens  or 
closes  communication  between  the  cylinder  and  this  additional  clearance 
volume.  The  valve  of  Fig.  244  does  not  operate  with  each  stroke  of  the 
engine  but  only  when  the  vacuum  changes  through  the  predetermined 
point. 

The  vacuum  acts  upon  a  piston,  P  (Fig.  244),  which  is  within  a  cylinder, 
C,  and  thus  allows  the  atmospheric  pressure  from  above  to  force  the  piston 
downward  against  a  spring,  thus  drawing  down  the  valve  and  closing  it. 
If  the  vacuum  falls  below  the  predetermined  point,  the  spring  forces  the 
piston  upward  and  opens  the  valve.  By  adjusting  the  tension  on  the 
spring,  the  valve  can  be  made  to  operate  at  any  desired  point  within 


'Enable  limits.  When  operating  at  a  vacuum  of  24  to  26  in.  of  mcr- 
rur>".  the  spring  should  be  adjusted  to  operate  at  15  to  18  in.  vncuuni. 
'best  valves  should  be  removed  at  least  once  every  six  months  and 
eXat|Uned  to  insure  that  they  are  not  gummed  or  corroded. 
2-  Four-Valve  Type,  controlled-compression  una-flow.  The  steam 
a'yes  are  set  exactly  as  on  the  two-valve  type.  If  no  marks  arc  avail- 
'e  forgetting  the  eccentric,  it  should  be  so  located  that  the  center  line  of 
'he  keyway  is,  in  rotation,  52  to  53  degrees  back  of  the  crank  pin,  except 
°B  34  to  36-in.  stroke  engines,  for  which  engines  the  center  line  of  the 
ttyway  should  lead  the  crank  pin  in  rotation  by  approximately  127  to 
128  degrees.  Then  adjust  the  eccentric  rod,  B  (Fig.  245),  so  that  the 
^fouat  rocker  arm,  S,  will  travel  equal  distances  to  both  sides  of  the 
vertica|. 
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Remove  the  covers  on  the  opposite  aide  of  the  cage  from  the  rocker 
lever.  This  will  allow  full  view  of  the  rams,  Q  (Fig.  225).  The  roller  in 
the  small  erosshead  on  the  exhaust  valve  stem  should  lie  adjusted, 
tliruugh  the  small  rectangular  opening  on  the  side  of  the  cage,  aa 

then  will  he  about  Jfooo  in.  space  between  the  cam  and  roller.  :it  |  |« 

on  the  round  par!  of  the  cam  just  ln-forc  the  lifting  part  comes  into 
taut  with  the  roller.  The  smaller  this  space  is  kept,  the  more  quiet  will  be 
the  operation  of  the  valves;  but,  to  insure  proper  closing  of  the  valves, 
some  clearance  must  be  provided. 

Turn  the  engine  over  in  direction  of  rotation  until  it  is  on  dcud  center 
(Sec.  153)  and  make  a  mark  on  the  side  of  the  crosshead  shoe  and  a  similar 

rk  on  tfiecroKsbejid  guide  directly  in  line  with  the  one  on  the  crosshead 

shoe.     Turn  the  engine  to  the  other  dead  center  and  mark  the  guide  i 
that  end  in  the  same  way.     This  will  provide  for  conveniently  measuring 


the  distance  the  piston  may  be  from  the  end  of  its  stroke.  Turn  the 
engine  over  until  the  piston  is  1  in.  from  head-end  center  and  the  crank  pin 
below  the  engine's  center  line.  In  this  position  adjust  the  exhaust  n 
rod,  (Fig.  245)  Q,  so  that  the  cam  in  the  crank-end  cage  is  just  touching 
the  roller.  Turn  the  engine  to  within  1  in,  of  crank-end  dead  center  ai 
adjust  the  exhaust  valve  rod,  V,  so  that  the  cam  in  the  head-end  cage  is 
barely  touching  its  roller. 

Further  adjustment*,  may  be  made,  after  the  engine  is  running,  from 
the  indicator  diagrams.  In  making  ndjuslments  on  the  reach  rod  and 
valve  rod,  il  should  be  re  me  m  be  red  that  the  exhaust  valves  open  as  their 

small  levers  move  toward  tl mis  (if  (In1  cylinder — except  on  34^in.  and 

36-in.  stroke  engines  where  they  open  when  the  levers  move  toward  the 
center  of  the  cylinder.  The  effects  of  ndjuslments  arc  given  in  Table  207 
and  typical  indicator  diagrams  are  shown  in  Fig.  243.-//. 
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208.  In  Setting  The  Valves  Of  A  Chuse  Condensing  Unifier 
Engine,  Figs.  227  and  391,  proceed  aa  follows  CChuee  Engtot 
and  Manufacturing  Company): 

Pint  loosen  the  look-ring  imi  on  the  ball-and-socket  joint 
crank-end  roller  slide.  This  will  permit  dropping  down  Lhi 
which  extends  From  the  rocker  arm  to  the  roller  glide,  so  thai 
can  hi-  moved  back  and  forth  by  hand.  Next,  remove  the  oovi 
from  (he  camheads.  This  will  uncover  the  upper  ends  td  t !>■■ 
beads,  i"  which  the  cams  are  Fastened.  It.  will  also  uncover  'lie  uppt 
side  of  the  slides,  in  which  the  rollers  are  located.  Then  poet  oneoj  tl. 
slides  jual  fur  enough  bd  thnt  the  roller  will  be  under  the  thin  end  B 

Tin-  cam,  Observe  carefully  that  the  |irnpei  clearance  exists  Irf'lwcen  th 
roller  and  1  he  cam  at  this  point  by  introducing  between  them  a  piece  of  an 
Indicator  card  or  a  'iooo-in.  thickness  gage.  If  the  cam  is  I 
thai  i  paper  (rill  not  enter,  raise  the  cam  oroaehead  i>>  loOMnittl  Ihi 
locknut  on  the  valve  stem  at  the  lower  end  of  the  cam  crosshead  am 
then  screwing  out  the  valve  stem  slightly — just  enough  i>.  r 
necessary  clearance  between  the  earn  and  the  roller. 

Then   tighten   the  lockout  and  again  try  the  clearance.     Too  mud 
Space  between  the  cam  and  the  roller  will  cause  the  roller  to  strike  >■■■ 
hard  against  the  incline  of  the  cam,  thereby  producing  noisy  rUttBbtf, 
It  fa  also  well  (o  lift  up  the  earn  crosshead  and  valve  and  release  ttelfl  '■ 
insure  that  the  valve  is  solidly  on  its  seat.      After  adjusting  1-olh  crank 
en. I  :,i\<[  head-end  valv--s  in  this  manner,  the  cam  heads  should  I  ■ 
Be  sure  that  the  springs  are  in  their  proper  positions  befor*  tlghteniai 
down    the  cap  screws  on  these  covers.     Then  conned   Hie  n 
the  roller  slide  again  and  place  (he  engine  on  the  1 
,  ,i,',.| . 

With  the  engine  on  crank-end  dead  center,  lengthen  01  el 
reach  ii-l  until  the  roller  lifts  the  crank-end  valve  '       in.      I 
beat  be  measured  with  □  small  inside  caliper  by  setting  it  to  '!■■ 
between    tin-   ■  1  j >|  11  r    1  I,  ;    .■■    ■ 
locknut  on  the  valve  Stem.      After  the  crank-end  valve  has  hn-n  Set  in 

this  tiia ir,   turn   the  engine  over  (o  (he  exact   head-end  ■'■ 

Increase  or  decrease  the  dislance  between  the  slides,  by  lenf 

g  the  nwi   which  connects   the   two  slides,  until   the  head-en 
valve  is  IN  ■  is   was   the  crank-end  valve  before.     Thl 

completes  the  valve  selling  so  far  us  it  can  be  done  by  measurement 
The  anal  letting  is  madeaftei  taking  indicator  diagnnaj  M*£ 

209.  The  Directions  For  Setting  Valves  Of  "Lentz' 
Poppet-Valve    Engines   (Erie  City  Iron  Works) 

setting  of  all  valves  except  those  which  are  control]  ■■ 
governor  i-  left  In  tho  d  per  at  inn  en  ■ 

11. >  rigid  rules  laid  dov.  n  by  (lit-  1111  iiufa  U 
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mate  setting  can  be  made  by  measurement  as  directed  below 
—the  final  setting  can  then  be  made  from  indicator  diagrams. 
See  Fig.  383  for  illustration  of  complete  engine. 

1.  Steam  Vm.vE8.  The  steam  valves  which  arc  under  the  governor's 
control  have  their  eccentric  driving  block  (D,  Fig.  246)  keyed  to  the 
by-flbaft,  L.  The  correct  setting  can  be  checked  as  follows:  Turn  the 
by-shaft  until  the  eccentric  rod  stands  at  right  angles  to  the  driving 
block,  D,  as  shown  in  Fig.  246.  If  the  governor  is  now  opened  and  closed 
fiom  minimum  to  maximum  position,  the  cam  lever  should  show  a 
hardly  perceptible  motion.  This  is  the  correct  position  for  the  lead, 
»mi  the  valve  spindle  must  be  so  adjusted  that  the  roller  just  touches 
the  curve  of  the  cam  and  that  with  the  lens t  motion  of  the  side  shaft,  the 


"■  in.— Rjgh- 


T*h't  lift  commences.  In  case  the  steam  valves  ever  have  to  be  taken 
""'i  the  correct  position  in  which  to  replace  them  may  be  determined 
x  follows:  It  will  be  noticed  that  there  is  a  small  center-punch  mark  in 
'lie  valve  stem,  S,  and  one  in  the  roller  guide,  R.  When,  at  the  factory, 
U*  valve  is  properly  located,  these  marks  are  exactly  2  in.  apart.  To 
rel>W  the  valve  it  is  only  necessary  to  set  a  pair  of  dividers  to  2  in.  and 
a'ijust  the  length  of  the  valve  spindle  until  these  marks  are  just  2in.  apart. 
"  the  engine  has  been  in  operation  several  years,  this  dimension  may  he 
slightly  different  on  account  of  natural  wear  on  the  roller  and  cam.  The 
^l  position  may  then  be  determined  by  turning  the  valve  stem  a  minute 
'fction  of  a  turn  until  a  position  is  found  where  the  cam  will  engage 
'he  roller  with  an  easy  and  smooth  effect  without  jar  and  noise.  All 
'"her  eccentrics  being  clamped  to  the  shaft,  they  can  be  easily 
•uniwl  in  any  direction.  By  turning  the  low-pressure  steam  eccentric 
forward,  the  lead  is  increased  and  cut-off  made  later;  aud  vice  versa  when 
'liming  in  the  opposite  direction.  By  "forward"  is  meant  in  the  direc- 
'mq  of  rotation  of  the  side  shaft,  and  hy  backward,  against  the  rotation 
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of  the  side  shaft.  When  shortening  the  eccentric  rods  on  the  steam 
valves,  lead  is  increased  and  cut-off  made  later,  and  vice  versa  when 
lengthened. 

2.  Exhaust  Valves.  When  turning  the  exhaust  eccentric  forward, 
release  and  compression  are  made  earlier,  and  vice  versa  when  turned 
backward. 

3.  Valve  Springs.  Valve  springs  should  be  so  adjusted  as  to  keep 
the  roller  and  cam  in  contact  without  throwing  unneessary  load  on  the 
valve  gear. 

210.  The  Directions  For  Setting  Valves  Of  Vilter  Poppet- 
Valve  Engines  (Fig  226)  are :  Since,  on  these  engines,  the  valve- 
operating  mechanism  comprises  the  same  essential  parts  as 
does  that  of  a  double-eccentric  Corliss-valve  engine  the  setting 
of  the  valves  is  almost  the  same  as  given  in  Sec.  195  for  the 
latter.  In  the  following  directions  only  those  adjustments 
which  differ  essentially  from  the  setting  of  Corliss  valves  are 
treated  in  detail. 

Adjust  The  Eccentric  Rods  And  Reach  Rods,  as  for  a  double  eccen- 
tric Corliss  engine,  so  that  the  rocker  arms  and  wrist  plates  travel  equal 
distances  to  both  sides  of  their  central  positions. 

Adjust  The  Steam  Valve  Rods  so  that — when  the  steam  poppet  valve 
is  on  its  seat  and  the  steam  wrist  plate  is  in  its  extreme  position — there  is 
about  *$  in.  clearance  at  the  latch  for  hooking  in. 

Set  The  Steam  Eccentric  by  setting  the  engine  on  dead  center  and 
rotating  the  eccentric  on  the  shaft  in  the  direction  the  engine  is  to  run 
until  the  steam  valve  which  is  nearest  the  piston  has  3*31  in.  lead  or 
opening.     Then  tighten  the  eccentric  to  the  shaft. 

Adjust  The  Governor  Rods,  with  the  governor  blocked  about  1  in. 
alcove  the  automatic  safety  stop  or  block  vFig.  440  >.  so  that  cut-off  occurs 
in  equal  fractions  of  the  forward  and  return  strokes.  This  is  done  by 
adjusting  the  rods  connecting  the  knock-off  levers  of  the  head-end  steam 
\alves  with  thv^o  of  the  crank-^nd  steam  valves.  Then,  with  the 
governor  resting  on  the  safety  stop,  adjust  the  governor  rods  from  the 
£o\ernor  to  the  crank-end  val\es  so  that  cut-off  takes  place  when  the 
steam  w  nst  plate  has  nearly  rvavh<vi  the  end  ot  it*  travel.  Cut-off  can  be 
olxser\  ed  b>  *at*"h.i:vg  vr  the  s^rv^g-joaded  dash-pot  peton  to  drop  down. 
V.vim*  Th*.  VXausr  V  *;>v  Kisr*s  so  that,  with  the  exhaust  wrist 
p !  a :  e  ■. v.  ■ : »  ^v r.  \  r% '  ».xv> : :  :o;r  ■  N»  »* \ K  a u> :  .'a r.*«s  or. ly  touch  t he  steel  rollers 
or.  vv  c\ha.>:  \  *  \i  >v:v,*  W  xir.*  should  not.  in  this  position,  lift 
•  *v  \  V\,<*    n v;t  xV^a:s. 

<m   I'vvhsi.xr  J\\>\w  ^k about  60  deg.  behind 

v "x   v  . -\;x-   v-  >  «•*  awl  provide  earlier 

.  vxv    "v\.       .  .\\»v  T am  the  direction 
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recemrie  in  a  direction  Hie  reverse  of  thai  in  whieh  Ihe  engine 
Diaghams  hs  with  all 
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ositively-opetated  Corli 
p  operation  of  the  usual  deli 


■  valv«T     Eipli.ii.  fully 


«■  Wh,i  i,  th,.  principal  [„,. 
*a«  mdiiy  function  has  Il> 

'I  *h»i  provision  should  bo 
^  <**«#»  in  th«rv™t  that  « 

"  *  l,il  if  the  principal  ;><i 

W.  »li.1  is  likely  lo  eauae  lea 

"•  EipUin.  with  slide  valve  uilniiM,  the,  dirt. 

"■  Kipl.ii,,  with  sketches,  the  operation  q[  as  i 


[,,,1.1-  in  (ho  valve  jj,.-.  h-.ri.-i., 
dash  pot  ee«-e.  lo  function? 
rsntaffes  and  disadvantages  of  r 


y  iliflci 


en  single  nlnl  double  beat 
it  poppet-valve  operating 


"  T...  ihe  sketch  made  in  mi 
™?  S»n  thereon  which  ran  be  adjns 


y  in 


**■  *lnt  marks  m 
■•da  did  sot  appear  on  an  engine,  how 

"■  How  noes  the  valvi-setling  of  doi 
■"•"■MreiMrie  engines? 

*  -  it  sdvi-able  to  fry  In  length,  n  . 

11  'In.  may  a  Corli..  engine  be  to*. 

"    '  'i,  marks  be  used  10  sdvnrilaae 


g  Question  8  and  eaji 

i.  Corliss  valvea?  Bf 
ould  yon  establish  the 
le-ecccnlric  Corliss  em 

■  i-.H-ufl  of  a  Corliss  ■ 


»r    why 


r  in  setting  poeifivcly-opcrated  Corliss  vi 

"■"a  of  a  psaitirrlynpcratKl  Corlisa-vslvo  engine  whieh  haa  a  shaft  govcrnur 

•»»*•  driven  from  a  wrist  plate?     How  if  the.  steam  vslve  gearing  were  loealed 
•My  al  the  valve  bonnet? 


IT-  How  would  yi 

-'-  m 

■ 


to  an  eeeentrie  on  the  main  abaft? 

1  would  make  adjustment*  lo  cornel  the  fault*  w 


FLY-BALL  STEAM-ENGINE  GOVERNORS,  PRINCIPLES 
AND  ADJUSTMENT 

211.  A  Steam-Engine  Governor  (Fig.  247;  sec  also  Sec. 
74  and  Fig.  52),  as  commonly  used  in  connection  with  a 
stationary  steam  engine,  is  a  device  for  keeping  the  speed  of 
the  engine  reasonably  constant.     A  properly  operating  gover- 


nor "  nsay  !v  jvgariltvi  ss  s  svmianent  watchman,  overlooking 
he    vncini-'    with    an    oh*  If   more   power  is 

t>i]-.i:n\:..  i!    :''.<  f.\+.—i,vr\  i  ■* ^ own  account 

,:i,i  Vi>  i  ho  i*r,$inc  tako  decrease), 

■  :■!«■>  .1:1.1  ivdiice*  |1  -owethB 
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h*vui:  to  Iho  m'niiis  of  James  Watt."  (From  II.  Hamkcns, 
«tkam  Enuinb  Tboubwss.)  The  principle  of  Watt's  pcndu- 
um  or  fly-ball  governor  is  still  widely  used  but  hae  been  modi- 
icd  to  meet  modern  conditions. 

Note.— A  Governor  Is  Not  Necessary  Under  Some  Conditions 
(Graph  B,  Fig.  248),  such  as  in  marine  engine  service,  because  the  work 
lone  by  such  an  engine  increases  rapidly  with  (lie  engine  speed.    There 
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Fra.  2«S. — Graphs  nhowini  ipml       Kill.    249.- 
vinsiion  with  load  of  lovrrnnl  srul 

is  then  a  resultant  constant  speed  for  nny  amoiml  of  slemn  which  inny 
lie  admitted  to  the  engine.  Hut  in  most  stationary-engine  service 
(constant-speed  service)  the  toad  may  vary  greatly  and  the  engine,  if 
not  governed  nor  regulated  by  hand,  would  slow  down,  whenever  the 
toad  happened  to  increase;  or  "run  away''  whenever  lh<-  loads  were 
diminished.     Hence,  for  such  service  a  governor  is  necessary. 

112.  The  Two  Principal  Kinds  Of  Steam-Engine  Governors 
dee  Sec.  74)  are:  (1)  Fly-ball  governor*,  which  are  (liactMrd  in 
ths  division.  (2)  Shaft  governors,  which  are  discussed  in  Div. 
7.  A  fly-ball  governor  (Figs.  247,  2W  itiul  250)  is  one  vui"u 
\  for  its  action   (Fig.  252)   on   the  centrifugal 
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developed  in  two  or  *  weights  which  an  rotated  almui 

(usually)  vertical  spindle  which  is  provided  for  the  purp* 
Increased  rotational  speed  causes  the  weights  to  shift  radia 
from  the  spindle  axis  antl  thereby  move  some  part  which  p 
lutes  the  amount  of  steam  admitted  to  the  enijine  (Sec.  ' 
213.    Two  Forces  Are   Em 
ployed  By  Steam-Engine  C 
ernors  For  Detecting  Variatior. 
J    In  Engine  Speed :  (1)  Cenirifug 
force.     (2)  Inertia  or  tangent 
inertia.     Centrifugal     force 
ordinarily  the  only   force  i 
ployed  in  fly-ball  governors  fi 


Pi      m  —** 


detecting  speed  variations.     Inertia  is  employed,  as  will 

explained  in  Div.  7.  in  shaft  governors.     Note,  however,  Uw 

inertia  and  centrifugal  fan*  are  both  employed  in  such  govw 

nor**—  never 

*/  a  rvkitiykM  ^^^M^w"  •*>  ««■*  «/ 

governor  4JH  *'  "yJ  hnr  a  nrwfriatiW  /wtr 
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introduced  by  means  of  arms,  weights,  springs  or 
haoism  V  centripetal  force  is  one  which  opposes  a 
I  force;  for  equilibrium  thr>  centripetal  force  must  be 
U  J  and  Opposite  ti>  the  centrifugal  force. 

HON.  —Consider  (Fig.  251>  u  Imll,  B,  which  in  pivoted  Hi  At 
uJ  Mating  sihoul  a  vertical  spindle,  S.  There  is  11  centrifugal  force,  C, 
Ittdmg  to  make  the  bull  move  out  radially  from  the  spindle,  &'.  The 
M  u>  prr vt-n ted  from  so  moving  by  a  spring,  N,  which  exerts  acentri- 
pruJ  fun*,  f,  jusl  equal  tu  the  cenirifufcid  force.  If  the  ball  is  started 
'ii 'Me "li ,  it  tends  tu  "h:mn  hiii'k  "  jhhI  <-\iTti9  a  force,  /.  due  to  its  inertia. 
II  the  liall  is  stopped  suddenly,  it  iendn  to  continue  moving  and  exerts 
»  lot™,  /',  also  due  to  inertia. 

114.  All    Ply-Ball    Governors    Permit    Some    Variation  In 
Engine  Speed. — It  has  been  found  tin  practical  to  endeavor  to 
fci.'iiiitain  the  speed  of  an  engine  exactly  constant.     It  will  be 
D  subsequent  descriptions  of  governor  operation  that 
nor  does  not  change  its  position  until  a  change  in 
Ipeed  occurs;  hence,  it  is  evident  that  a  speed  change  isneces- 
«ry  to  cause  a  governor  to  operate.     There  is,  moreover, 
*hcn  mi  engine  is  properly  governed,  a  definite  speed  enrre- 
"pomling  to  each  load,  that  is,  the  speed  varies  with  the  load. 
Tfe  graph  A  (Fig.  248)  is  characteristic  of  this  sort  of  per- 
The  speed  variation  from  no  load  to  overloads  may 
'■'made  very  small  if  so  desired.     Variation  in  speedof  5  per 
"hi.  ova  thfi  working  range  of  the  engine  is  often  permissible. 
'•nation*  aa  low  as  1  per  cent,  of  the  mean  engine  speed  may 
ned  under  favorable  conditions. 
216.  There  Are  Two  Principal  Methods  Used  With  Fly- 
Ball  Governors  For  Controlling  The  Steam  Admitted  To  An 
Engine:  (1)  By  throttling  (Figs.  252  and  253)  or  reducing  the 
i"1  ■.-sure  in  (he  steam  chest  "f  the  engine  by  partly  closing  a 
Hive  in  the  live-steam  line.     With  this  method,  the  governor 
(Kg,  254)   is   not  part   of   the   valve-operating  mechanism. 
Mm-  method  of  governing  is  used  chiefly  with  simple  slide- 
nnes.     (2)  By  varying  the  cut-off.      Under  this  condi- 
tion, the  governor  (Figs.  217,  255,  and  256)  is  part  of  the  valve 
This  method  of  governing   is  employee!  chiefly   wit' 
in d  poppet-valve  engines. 
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Explanation. — Fig.  253  shows  the  effect  nn  the  indicator  diagram  u 
slide-valve  engine  of  a  throttling  governor  such  as  that  of  Pig.  % 
The  line,  A ,  represents  the  admission  and  expansion  with  a  large  govern 
valve  opening.  B  and  C  correspond  to  smaller  governor-valve  openir 
at  lighter  loads.     It  will  be  noted  (ram  the  way  in  which  the  admis&i 


Fro.  251.— r>i»( 


(  by  throttling     (Thf  riiip 


lines  slope  from  points  R,  S  and  T,  that  there  is  considerable  rtroii 
(in're  Jroirinfl  or  pressure  drop  due  to  friction)  of  thesteam  in  thegover 
valve.  This  throttling  results  in  loss  in  effective  steam  pressure  (Sec. 
and  consequent  poor  economy  especially  at  light  loads.  Fig.  256  sh 
the  effect  of  a  rut-off  governor  such  as  that  shown  in  Fig.  247,  on 


indicator  diagrams  of  a  Corliss  engine.  H:c  c:;:v£  occurs  at 
and  /'  ,Kig.  iW  a:  various  loads.  l"hc  esjp:-,c  jx-nV nuance  hi 
is  much  superior  w  that  in  F»g.  iii.  Tfe*  ad'-v.sauon  lines  a 
horilORu:  indicating  that  **-  *  aJI  ^"*fc.  but  little  stra 

in  ihc  valves. 
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[-■  ■,1' -\~~ "] 

t*«lni  utnitinc  U»  miiimim  amine  ipeed,  it  mutt  control  Ih 
**M*I  of  the  pump.  That  it.  if  lea  pumpinc  i>  required,  t 
**»•  used.  Tan*,  it  will  control  the  online  at  apeede  of  » 
*»■  Um  (Um»nd.  If  the  belt  break*,  the  idler,  /,  drop,  alio. 
^TtWmrinf.  5,  thrown  tho  nitty  latch,  .V.  and  lever,  £..) 


are  provided  with  Riifptj    knock-off  ninif,  (',  bo  tin  r 

■  noi  iliivr  i":iil>  j « r i l t  ilu-  balls  drop,  the  

will  admit    no  sUhhii  lo   ilu*  engine.     Voriou 
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(Fig.  258)  are  provided  for  holding  the  governor  out  of  the 
•frty  position  while  starting  the  engine.  Whatever  arrange- 
ment is  used,  it  must  be  bo  designed  that  it  will  fall  out  of  the 
ny  automatically  as  soon  as  the  governor  lifts  (Fig.  258). 
"K  engineer's  memory  should  not  be  trusted  to  remove  the 
Parting  cam  or  lever.  Pins  (P,  Fig.  259),  which  must  be 
removed  by  hand  after  starting,  should  not  be  tolerated. 


Fro.  2S7.-EW.tion  of  Piclwiirm  novcrnor  nhuwinc  miMy  idler  (c.turr. 

Sen. — Many  Engines  Asa  Power  Plants  Have  Hken  Wrkii 
Dos  To  Governor  Failures.  IF  the  governor  (Iik-m  nut  shut  off  nr* 
ill  the  iteam  when  the  load  in  taken  off  the  engine,  the  engine  speed  n 
become  great  enough  to  hurst  the  flywheel  l>y  eentrifngiil  force.  Sin 
tines  i  "secondary  safety  slop"  (Fig.  '2tiO)  is  installed  in  addition  to 
OM  will  which  the  governor  in  rcgiilfirlv  en,ui[>ped. 
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Note. — An  Engine,  Which  Is  Equipped  With  A  Safety  Device, 
May  Stop  When  An  Excessively  Heavy  Load  Is  Thrown  On  It 
(W.  H.  Wakeman  in  Power).    In  almost  all  makes  of  Corliss  engine 
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_.  Counterpoise 
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•  Sleeve 

Cross-Arm 

Weight 
(Skirting  Lever) 


.•-Drop  Rod 
From  Governor 


Governor 
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"•Position  When 
Starting 

^Position  When 
Running 


Fio.  258.  —  Showing  starting 
lever,  L,  which  falls  out  of  position 
when  the  governor  lifts. 


#W 


End  Of 
.'prop  Pod 

Lever 


V////////////////W/// 

Governor  CoJumn 


wnm 


Fio.  250.  —  Showing  unsatisfactory  p« 
arrangement  for  holding  Corliss  governor  i 
starting  position.   This  arrangement  is  unsaF' 


governors  there  is  the  "safety  ptV  on  which  the  weights  are  brought  t: 
rest  when  the  mechanism  is  not  in  action.  Or  instead  a  "safety  collar' 
may  be  used.     Both  of  these  devices  prevent  the  mechanism  from  falliim 


Primary  (Throttling) 


^ Steam  Line 
po   to  Engine 


Quick-Closing 
Emergency' 
Stop  Mrlve 


Throttle 
Valve 

' 'To  Engine 
^otch 
in  Rod 

''"Centrifugal 
Trapping  Device 

Fia.  260. — Detail  of  the  design  of  trigger  device  for  secondary  speed  control  01 
Chandler  &  Taylor  variable-speed  engines.  (If  speed  becomes  excessive,  T  is  throwi 
outward  by  centrifugal  force,  compressing  S.  Thereby  C  is  tripped  which  releases  R 
Then  W  falls  down  and  closes  V  which  shuts  off  steam  to  the  engine.) 

so  low  that  no  steam  will  be  admitted.  These  pins,  or  collars,  are  sf 
placed  that,  when  it  is  at  rest,  the  engine  will  get  steam.  When  tbj 
engine  is  in  full  operation,  the  pin  is  removed  or  the  collar  so  turned  t 
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■  '■■■  or  gear  break,  the  governor  mechanism  will  drop  su  low  as 

111 M  oil  all  "iram  and  a  shut-down  results.     In  plants  where  heavy  and 

'lunging  loads  are  handled,  it  is  not  uncommon  Tor  a  sudden  load  to  lie 

I  b*  engine,  which  is  so  great  as  to  make  (he  mechanism  drop 

■  ■  I If  steam,  if  the  operator  has  attended  to  his  duty  of 

rm.iMiiB  the  pm  uraettinj;  the  safely  eollar  after starting up.     The  result 
.■■■■.  ij       This  may  confuse  the  inexperienced  operator  until  he 
■  iiiise.     Always  look  at  the  "safety"  when  an  unusual  shut- 
Nun:  —Sou  QovwurOB  Pt/luyb  Abb  Secured  To  The  Shaft  With 
..  Wmc  u  May  Come  Loose,  or  a  key  may  work  loose.     The 
r'tllrv  may  hold  just  enough  to  slowly  rotate  the  governor  but  not  suffi- 
:  nug  it  up  to  speed.     The;  result  will  he  a  runaway  engine. 
I I\  m  slack  governor  belt  may  also  cause   this. 

317.  Only  The  Best  And  Safest  Materials  And  Methods 
Should  Be  Used  In  The  Construction  Of  Governor  Mechanisms. 


...<„,„  ,„.-,i..,i,  ,, 


'In-  n,,i  ni'  these  materials  and  methods  i.s  uomparattvely 

bereaa  the  damage  done,  if  the  governor  fails,  may  be 

''Ty  large.    Governor  belt*  should  be  of  the  beat  grade  and  be  so 

*°*ed  and    cemented   as   to   be   practically   endless.     They 

nf  even  weight  and  not  wide  enough  to  rub  on  the 

flanges  of  the   governor   pulleys.     Governor   pulleys  should 

I)    I"'  nl  metal  and  seemed  with  more  than  a  Mingle 

Pulley  faces  and  belts  should  be  kept  free  of  oil 

i   Dtigbl    cause  slipping.     Recommended   fastenings  for 

r  pulleys  I  levers  are  Bhown  in  Figs.  261  and  282. 

IIS.  Dangers  Due  "      ~"     Binding  Of  A  Governor  Median- 
Should  Be  C*  voided.  -The  pivots  of  emc 
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rods  should  have  sufficient  end  piny  (£,  Fig.  263)  to  prevent 
binding  caused  by  slight  frame  movements  or  by  grit  getting 
between  the  end  faces.     The  governor,  if  new  or  if  it  has  been 


out  of  use  for  some  time,  should  be  moved  by  hand  before 
starting  to  insure  that  it  does  not  bind.  Collars  (C,  Fig.  264) 
must  not  limit  the  movement  of  the  governor  so  as  to  prevent 


— Kuril. 


its  completely  shutting  off  the  steam  supply.  Enclosed 
parts  isui'h  as  dash-pots,  See.  230.  ami  enclosed  springs, 
Kits.  2ti*>)  should  Im-  inspected  regularly.  Oil  should  occasion- 
ally be  drained  from  dash-pots  and  the  ]x>ts  refilled  with  clean 
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Tin;  pots  should  be  kept  well  filled  with  oil  as  pocke 

likih  to  cause  dangerous  racing. 

219.  Various  Terms  Used  To  Describe  The  Performance 

Of  A  Governor  may  be  defined  as  follows;     (1)  By  wnnffoeneu 

is  meant  the  ability  of  a  governor  to  substantially  vary  the 

amount  of  steam  admitted  to  the  engine  in  response  to  slight 

in  engine  speed.     Sensitiveness  is  not  an  exact  term 

iw).     (2)   By  -powerfulness  of  a  governor  is  meant 

H  bid)  the  rotating  parts  of  the  governor  are  capable 

tag  on  the  governor  rods  or  other  steam-controlling 

:n  when  a  variation  in  speed  occurs.     If  a  governor 

■try  sensitive,  and  very  powerful,  it  must  be  very 

large  or  run  at  a  high  speed.     (3)  Promptness  is  the  ability 

"f  the  governor  to  respond  quickly  to  load  changes.     A  very 

prompt  governor  is  one  which  requires  only  a  fraction  of  a 

•econd  to  adjust   itself   to   a   considerable   change   in  load. 

\-l)  Sluggishness  is  the  opposite  of  promptness.     A  governor 

■nub  requires  a  half  minute  or  more  to  adjust  itself  to  a 

ows  load  is    relatively   "sluggish."     To  be  very  prompt,  a 

fly-ball    governor    must    not    be    heavy.     (5)    Coefficient    of 

■i.  also  called  regulation,  coefficient  of  speed  regulation, 

amotion  or  fliiduiition,  is  the  variation  in  speed  which 

1  In  governor  permits  from  no  load  to  full  load  expressed  as  a 

Percentage  of  llie  full-load  speed.     The  coefficient  of  reguhv 

•'on    is    an    exact    mathematical    measure   of   sentititmesB, 

Expressing  this  relation  by  a  formula: 


: 

mce 


(25) 


M,  = 


A'/ 


(decimal) 


'M.'i'in  M,  -  the  regulation  coefficient,  expressed  deci- 
'Hally.  AT.  =  speed  of  the  engine  at  no  load,  in  revolutions 
i^'r  minute.  Nj  —  speed  of  the  engine  at  full  load,  inrevolu- 
l>ons  per  minute. 

mfarturvr  KuarunU-fN  ;i  tvKulntioii  ciierric'icnt 

n-    i'(ill|i|"-il    wild    :i    I1!' rlflill    lli.ViTrun-.       'I'Iim 

no  lead  SOd   175.7  r.p.m.  n(  full  kind,      fait 


\n  engine  n 

i,i    fur  lij«  en 

L78  r.p  in.  i 


r.  (l)  ilir  oMffioienl  "f  ngula- 
BB.T)    :    17S.7      8,01  II   ■  i  M  t 
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Note. — In  Conducting  Regulation  Guarantee  Tests,  it  is  usually 
understood  that  the  change  from  no  load  to  full  load  is  to  be  made 
gradually.  But  "specifications  should  clearly  state  the  method  to  be 
employed  in  determining  the  speed  variation  and  basis  upon  which  the 
calculations  arc  to  be  made.  This  is  particularly  important  when  the 
unit  is  supplying  both  a  lighting  and  rapidly  fluctuating  motor  load,  as 
in  this  case  the  instantaneous  variation  of  speed  must  be  limited  to  a  small 
margin  to  prevent  'blinking'  of  the  lights.  For  high-speed  direct- 
connected  units  the  U.  S.  Treasury  Department  specifies  that  the  maxi- 
mum variation  in  speed  for  a  slow  change  in  load  from  no  load  to  full  load 
or  vice  versa  shall  not  exceed  1%  per  cent,  of  the  speed  at  full  or  normal 
load,  and  that  for  sudden  change  in  load  the  maximum  variation  shall 
not  exceed  2  per  cent."  (From  Harding  and  Willard,  Mechanical 
Equipment  Of  Buildings.) 

220.  Some  Descriptive  Terms  Applied  To  Fly-Ball  Gover- 
nors which  should  be  understood  are:  (1)  A  stable  or  stalk 
governor  is  one  which  occupies  a  definite  position  at  a  definite 
speed.  A  governor  is  stable  when  the  resistance  to  motion 
(centripetal  force)  changes  faster,  as  the  balls  assume  different 
positions,  than  does  the  centrifugal  force  which  the  balls 
develop.  (2)  An  unstable  or  astatic  governor  is  one  in  which  a 
slight  increase  or  decrease  in  speed  will  cause  it  to  move  to  one 
or  the  other  extreme  position.  If  the  restraining  (or  centri- 
petal) force  changes  more  slowly  than  the  centrifugal  force, 
a  governor  is  unstable.  (3)  A  neutral  or  isochronous  governor 
is  one  which,  at  a  certain  speed,  assumes,  indifferently,  any 
position  throughout  its  range.  If  the  centrifugal  force  and  the 
centripetal  force  change  at  the  same  rate,  the  governor  is 
neutral  or  isochronous. 

Note. — An  Unstable  Governor  Is  Quite  Useless  For  Engineer- 
ing Purposes.  Such  a  governor  would  always  be  either  in  full-load 
position  or  shut  off  entirely.  Governors  arc  frequently  called  "isochron- 
ous" (which  means  equal  speed)  when  they  are  not  truly  so.  A  truly 
isochronous  governor  would  also  be  useless  for  engineering  because  it 
would  change  in  position  as  much  for  a  slight  change  in  load  *•  *• 
would  for  a  large  one.  The  aim  in  governor  design  should 
governor  stable  but  very  nearly  neutral,  that  is,  to 
isochronous  as  is  feasible.  Such  a  governor  gives  sn» 
than  does  a  very  stable  governor. 

221.  The   Action   Of   Centrifugal   T 
Governor  is  conside     '  '    Sees.  222 
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i  these  principle!  is  of  interest  to  the  practical  man,  il  is 
table  that  he  will  ever  have  to  apply  them  in  adjusting 
Mauling  an  engine  governor.  However,  a  knowledge  of 
prindplee  and  their  application  is  essential  to  the 
or  designer. 

To  Compute  The  Centrifugal  Force  Developed  In  A 

ing    Governor   Weight,    use    the    following    formula: 

/•■    =  0.000,028J5WrjJV'  (pounds) 

i:  Ft  =  the  centrifugal  force,  in  pounds,  developed  by 
W  =  the  weight  of  the  governor  ball,  in  pounds. 


I*.'  speed  of  the  governor,  in  revolutions  pec  minute. 
ie  radius  from  the  center  of  gravity  of  the  weight  to  the 
rotation  (center  of  the  spindle),  in  inches. 

;:,.-  thai  tin-  kills  "f  the  governor  (Fig.  2(iB)  weigh 
■h  ami  (ire  ]!>  in.  from  the  center  of  (he  spindle  whi'ii  they  lire 
E  Hi  250  r.p.m.  What  centrifugal  force  will  they  exert  on 
Tiic  under  these  conditions?  Solution.  —  By  For.  (20).  the 
pU  force  in  e-nch  linll  cqniils  ilic  tension  on  the  spring,  or:  F,  = 
fv.WV.-A'>  -  0.000,028,5  X  2  X  10  X  (251))'  =  35.6  «>. 

The  Theoretical  Vertical  Distance  Between  The  Center 
s  And  The  Pivot  Of  The  Arms  In  A  Simple  Pendu- 
r  Depends  On  The  Angular  Speed  And  Is  Inde- 
Other    Factors. — Assume   that  three  balls, 
ig.  267),  of  different  weights  are  suspended  by 
igthii  iiti'I  i-;nisri|  to  m:ike  the  same  number 
nute  about  :i  ciniini'in  spindle,  S.     The 
iftlies:i!iir  fur  nil  Hi  i  re  rcgardlessof  the 
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weights  of  the  balls  and  lengths  of  the  arms.  The  statements 
of  this  section  arc  true  only  for  an  ideal  governor  mechanism 
which  has  weightless  arms  and  which  has  nothing  to  lift  when 
it  operates.  If  the  governor  balls  must,  when  they  rise,  lift 
a  weight  other  than  their  own  then  they  will  not  rise  as  far  as 
they  would  rise  if  unweighted.  See  Sec.  225  for  effects  of 
weighting. 

324.  To  Compute  The  Theoretical  Height  To  Which  The 
Balls  Of  An  Ideal  Simple  Pendulum  Governor  Will  Rise  it  A 
Given  Speed,  use  the  following  formula: 
_  35,200 


(27) 


N* 


(inches) 
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Wherein:  L»,  =  the  height,  in  inches,  from  the  center  of 
gravity  of  the  balls  to  the  pivot  of  a  simple  pendulum  governor. 
.V  =  the  speed  of  the  governor,  in  revolutions  per  minute. 

Example. — Compute  the  height  from  the  center  of  gravity  of  the  bills 
to  the  pivot  of  the  governor  balls  shown  in  Fig.  208  when  it  is  revolving 
nt  60  r.p.in.;  nt  120  r.p.m.  Solution.— By  For.  (27),  the  height, 
Ui  "  35,200/A'1  =  35,200  +  3.600  =  9.8  in.  at  60  r.p.m.  L*  -  35,200  + 
14,400  -  2.44  it,,  at  120  r.p.m. 

Note.—  The  Simple  Pendulum  Governor  Must  Run  At  Low  Speeds 
since  the  halls  would  fly  out  to  a  nearly  horizontal  position  at  high  speed* 
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:.'   ■.  i  rv  III  I  !>■  in  |j<j*ilim>  wliilt- 1  lii'  speed  v:il  ii'il  m. -ji  I  Iv  ; 

■  1 1  in?  i«  evident  from  the  preceding  example.  Fig.  269  shows 
'.■  il  rnijjulur  positions  of  ii  sUnplc-pemlulum-goveroor  arm 
i    ipeeds,     Tin'    practical   spwt   limit   for   simple-pendulum 

rwniure  if  nbutit  125  r  p.m.  while  speeds  of  BOO  r.p.m.  and  over  arc  used 

:i  fring-loaded   lly-luill  mIcmiii  i'Iil-Ji n-  H"Vi-i >        AHunl  aivnimr  kill, 

i -'mrily  rise  as  high  as  indicated  by  Fig.  209  because  of  the 

"ilnininft  gravitational   forces   of   the   mechanisms   or   weights   which 

surf  be  lifted  by  the  balls. 

125.  Nearly  All  Modern  Fly-Ball  Governors  Are  Weight-  Or 

Spring -Loaded.— Hence  they  will  not  rise  to  the  theoretical 

Wgfata  given  by  For.  (27.)     Watt's  unloaded  governor  (Fig. 

Mfi)  was  satisfactory  for  slow-speed 

which  did  not  require  close 

"peed  regulation,  but  for  most  mod- 

irementa,   it  is  unsatisfac- 

27<>     slums     various 

niHho.is  of  applying  a  weight  load, 

W,   ■  ■  r   counterpoise    to   a   fly-ball 

governor.     In  all  of  these  methods 

till  weight   is  so  arranged  that  it 

Mil  glide  on  the  spindle  and  revolve 

with    the  spindle   and   balls.     The 

height,    in   all    eases,   opposes   the 

ni  the  balls  to  fly  apart. 

These  arrangements  give  more  aecu-    '"""    "'  "  »*W>*  <*  uounurpoiw. 

'   regulation  than  can  be  obtained 
"■Mi  u  unloaded  governor  because,  with  them,  a  small  change 
Pri  RngUM  speed  can  be  made  to  cause  a  large  change  in  gov- 
nat  position  (Fig-  269). 

226.  The  Advantages  Of  The  Spring-  Or  Weight-Loaded 
Governor  Over  The  Simple  Pendulum  Governor  may  l»e 
EBtunented  as  follows:  (1)  II  increuses  the  range  of  speed 
maximum  and  minimum  governor  positions  (2) 
il  affords  closer  regulation  by  increasing  the  vertical  move- 
ment i  i''ig.  2t>9)  fur  )i  given  ehniige  in  s|wed.  ('■i)  It  decreases 
thneaxot  the  governor  by  making  it  possible  to  employ 

ght     balls.       (1)     //    iiim-V-ire    tin     sriixilirrittxx    of    the 

T    by    furnishing    an    effective     means    of    offsetting 
■HK.es.     The  governor  is  made  more  pan 


n  ipplyiim 
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and,  thus,  more  easily  overcomes  fractional  resistances  in  iti 
own  mechanism. 

227.  The  Following  Formula  Expresses  The  Relation, 
For  A  Porter  Governor,  Between  Speed,  Height,  And  Weights 
Of  Balls  And  Counterpoise. — This  formula  assumes  that  the 
four  arms  of  the  governor  arc  of  equal  length. 


(28) 


_  W  +  W,       35,200 


(inches) 


Wherein:  Lh%  =  the  height  (La„  Fig.  271)  from  the  center  of, 
the  balls  to  the  intersection  of  the  arm  and  spindle  axes,  in 
inches.  W  =  the  weight  of  one  of  the  two  balls,  in  pounds. 
Wi  =  the  weight  of  the  central  load  or  counterpoise,  in 
pounds.  N  =  the  speed  of  the  governor,  in  revolutions  per 
minute. 


Example. — What  docs  the  counterpoise  of  a  Porter  governor  (Fig.  271) 
weigh  if  the  balls  weigh  S.3  lb.  each  and  the  height  is  13  in.  at  325  r.p.ra.? 
Soli'tion.—  Substituting    in    For.    (28),   there  results:    13=    [(8.3  + 

K ,  W,)  +  8.3]  X  35,200  ^  (325)*,  from  which  W,  + 

8.3  =  323.7     or  W,  -  315  to. 

Note. — The  Relations  Op  Forces,  Weights 
And  Speeds  In  Fly-Ball  Governors  are  indi- 
cated in  the  following  items.  The  matters  of 
rates  of  increase  and  decrease  of  centrifugal  and 
centripetal  forces  in  governors  of  various  typos 
in  various  positions  will  not  be  discussed  in  detail 
in  this  book  since  they  involve  higher  mathe- 
matics and  are  of  interest  principally  to  governor 
designers.  Also  the  methods  of  analyzing  the 
Fui.  271  -  How  much  forces  in  a  governor  (as  used  in  the  above  ex- 
ample^ will  not  be  explained  for  somewhat  the 
same  reason. 

V 1  ^  The  lifting  forces  exerted  by  governor  balls  in  a  loaded  governor  arc 
usually  many  times  creator  than  the  weights  of  the  balls. 

,2^  The  centrifugal  force  of  the  balls  is  proportional  to  the  weight  of 
the  balls,  to  the  distance  oi  the  balls  from  the  spindle  and  to  the  square 
oi  the  speed;  see  For.  v2t»' . 

v3'  The  faster  a  given  so:  of  governor  •';l'-s  revolves,  the  greater  must 
be  the  load  applied  to  balance  thorn 

,4'  The  greater  the  load  for  a  given  so:  of  bills,  the  more  powerful 
\S»v.  '2VX   the  governor,  provided  il  g.«<x    :^t   enough  to  lift   the  load. 
o    Other  thine*  Iving  equal,  a  high-spewl  heavily- loaded  governor 
is  more  prompt  and  morv  sensitive  -spevd  one. 


il»H'!»  the  central  lo:»»l  or 
counterpoise  weiuh' 
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)  All 


<-iKht- 


ii<]<-<l 


mini  "[  1  lie:  types  ithuwti  in  Fig. 
27(1  iire  stable  except  the  cross- 
arm  type  which  may  be  ho  ile- 

-■■tttiitl    as    to    be   unstable  or 

may  lw  added  to  any  (p»v- 
ernor  so  its  to  lessen  or  increase 
its  stability. 

(7)  Coventors  of  the  types 
•town  in  Fin.  '270  become  less 
powerful  and  sensitive  as  their 
arms  approach  nearly-horizontal 
positions. 

;S.)  The  smaller  the  speed  regu- 
lation, the  less  powerful  will  be  a 
(Uven  set  of  governor  weights  or 
balls  revolving  at  a  given  speed. 

228.  Spring-Loaded  Gov- 
ernors May  Secure  Close 
Regulation  And  Are,  In 
General,  More  Prompt 
Than  Weight-Loaded  Gov- 
ernors.— The  inertia  of  a 
spring  is  negligible  and  so 
only  the  inertia  of  the 
weights  and  arms  need  Ik- 


f  M-  S72  —Spring 
'» Iht  (i»riinrr  throttling  coven 
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overcome  when  a  spring-loaded  governor  chi 
With  a  given  governor  design,  a  stiffer  spring  slightly  com- 
pressed gives  a  more  stable  and  prompt  (but  less  sensitm) 
governor  than  does  a  weaker  (more  flexible)  spring  mors 
heavily  compressed.  A  spring-loaded  governor  is  usulh* 
stable  because  the  resistance  of  a  spring  rapidly  increase*  at 
the  force  on  it  is  increased.  Figs.  257,  285,  272,  and  273  shoe 
various  arrangements  by  which  spring  loads  may  be  applied 
to  fly-ball  governors. 

228.  A  Governor  Which  Has  Small  Speed  Regulatka 
Must  Be  Provided  With  Some  Means  Of  Preventing  "Hat- 


-H-h^ 

fir 

—f 
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T~ 

-4-Jr- 
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__rr  TT~r 

',■} 
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A;     ;     *"" 
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;ra ■  a  r\  ■  ? 
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ing." — A  governor  hunts  when,  in  changing  from  one  L< 
to  another,  it  has  a  tendency  to  go  too  far  due  to  the  monr*f 
turn  of  its  parts. 

Explanation.— Fin,  274-/  shows  ilic  '"hunting"  of  a  very  frw-movin 
governor  when  the  load  changes  suddenly.     Assume  that  the  gi 
was  steady  in  position  A  A'  for  a  certnin  load  and  that  the  lor J ' 
so  that  the  governor  should,  for  equilibrium,  assume  some  c 
B'B.    The  governor  responds  h  '  momentum  of  its 

/(  past  the  proper  position  to  (  lack  to  O.     Tb 


B  li  /    ftTEA  \1-K\C1XK  GOVERNORS 


1 Li 


., ■,'■!,    :, 


.■    hill 


Otmpb  II  shows  the  effect  of  much  mechanical  friction  on  the 
fvrrnorfiriion.     The  governor  then  hunts  very  violently  and  in  "jwks" 

■  i,  may  In'  very  uncertain  nit-l  cause  much  variation  in  engine 
fmi-  (!mph  ///  shows  the  effect  of  fluid  F  rift  ion  introduced  by  means 
(]  adjusted  dash-pot  (Figs.  275  nnd  278).  The  governor  tends 
i" follow  graph  /  (Fig.  274)  but  the  fluid  friction  in  the  dash-pot  prevents 
ii  so  doing.  The  governor  soon  comes  to  rest  at  E.  Fluid  friction 
jrrv»nu  mind  movement  hut  offers  prat-r.irally  no  resistance  to  very  slow 
This  friction  therefore  prevents  "hunting"  and  audden  movc- 
"i[-  but  does  not  material])  decrease  the  accuracy  of  the  the  governor 

130.  A  Dash-Pot  Or  Gagpot  (Figs.  275  and  276)  is  usually 
used  to  limit  the  rate  at  which  a  cut-off  governor  may  move. 
ilii  valve  of  a  throttling  governor  haw  a  stabilizing  (or  damp- 
ing I  effect  so  that  a  dash-pot  is  not  ordinarily  necessary  with 
governors  of  the  throttling  type.  The 
dash-pot  consists  (Fig.  27ti)  of  a  cylinder 
I  C  filled  with  oil;  a  piston  P,  and  rod  R 
nans  such  as  pipe  B  for  allowing 
"il  to  flow  around  the  piston  at  the 
pruner  rate.  Simple  non-adjustable 
Asi-pote  (Fig.  275)  have  holes  for 
allowing  oil  to  pass  through  the  piston, 
-'lovable  plates  are  sometimes  placed 
"'''t  these  holes  and  controlled  by  a 
r'<it  mi  the  piston  rod.  A  pet-cock  is 
''"'Lilly  provided  for  draining  and  a  hole 
for  filling.  If  the  dash-pot  piston  rod 
18  directly  connected  to  a  lever,  as  in 
Fig.  250,  the  dash-pot  cylinder  should  be 
•Q  mounted  on  a  pivot  such  as  L  (Fig.  Fio,  aro.  —  tiMb-poi  *t- 
'-'Til!  that  it  will  always  line  up  with  the  J^"  h'  v'1vb-  v-  °n 
'ever  pivot  as  the  lever  swings.  If  the 
•X>d  is  connected  through  a  spring  (Fig.  277),  or  if  the  piston 

[igned  as  shown  in  Fig.  288,  the  cylinder  may  be  rigidly 
r 


:   But  Of  !>• 
In-    load  condition 
■■  Ordinarily  amp 
nmimm    math 


l:». 


aED  Fob  A  Oovernob  varies 
inches   per   100  engine  horse 
h-pol stroke  is  about  <-.-. 
wtiil  in  dash  poU.     It  may  be 
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thinned  with  kerosine  if  too  thick.    Cylinder  oil  or  glycerine  may  b 
used  if  a  thicker  liquid  is  required. 


Spring 
Dash- Pot 
Connection 


Dash- 
Pot- 


Motor-Controlled 
Coun  ter poise  - 

LfijQ 


Motor  Carried  : 
On  Pivot  Here 


..-Knock-Off  Eccentric  Rod 


^Rocker -Arm  and  Rods  for 
Oscillating  Knock-Off  Cams 


Fig.  277. — Xordberg  governor  showing  spring-connected  dash-pot  rod.  (If  the  saf 
idler,  /,  drops  due  to  failure  of  the  belt,  the  weights,  W,  will  be  released  and  the  pivot 
will  be  dropped.  This  will  operate  the  rods,  R,  S  and  T,  so  as  to  stop  the  engine.  W) 
the  engine  is  driving  an  a.c.  generator,  the  motor,  M,  is,  when  synchronising 
generator  with  another  generator,  so  controlled  by  the  operator  at  the  electrical  swit 
board  that  the  weight,  P,  is  shifted  to  such  a  position  that  the  engine  speed  is  changed 
the  proper  one  to  permit  synchronizing.  After  the  machines  have  been  synchronii 
the  load  may  be  properly  divided  between  the  two  engines  by  the  operation  of  M . 


231.  Governors  May  Be  Adjusted  To  Change  Engii 
Speed  In  Several  Ways. — (1)  Weight  may  be  added  or  removt 
Provision  is  often  made  for  adding  or  removing  weig 
(Figs.    277,   278   and   279).     A   weight   may   sometimes 


adjusted  in  or  out  on  a  lever  arm  (W,  Fig.  280).     Increasu 
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:■■  or  the  weight,  where  the  weight  opposes  l  he  vise  of 
nor,  increases  the  engine  and  governor  speed  and 
impute  even  approximately  the  amount  of 
wiplit  which  should  be  added  or  deducted  in  any  given  case 
usually  involves  complicated  calculations  and  a  knowledge 
i'_'hts  of  each  of  the  moving  parts  of  the  governor; 
under  Sec.  227.     Hence, 
the     most    direct 
method  of  finding  the  necessary 
UKUBl  i.f  weight  is  by  trial.     (2) 
Increasing    or    decreasing    spring 
Itmon  or  adding  an  extra  spring 
!i:itiiri's  tin-  engine  speed.    Most 
*| 'ting-loaded     governors    (Figs. 
2M,  265  and  273)  have  adjust- 
ments for  this  purpose.     When 
they  do  not,  an  extra  spring  (Fig. 
2SI)  may  be  added.     Increasing 
'he  spring  tension  increases  en- 
gine speed.     (3)  A  take-up  adjust- 
■"w/   may    be    provided    in    the 
90eernor     mechanism     (Figs.    282 
Ri<l  283).     Increasing  the  effec- 
^■o  length  of  the  linkage  in  such 
:'iits  ordinarily  decreases 


lie  engine  speed.     In  increasing 


"*c  engine  speed  by  this  method    Mijiutedfordiffe»mt«Ba«tab»«diiim 

*%.l_  r*    j>  r  J         gt  rrrnrivW  Wright  (shot).      (Murray 

orilM  governor  is  used,    lrou  Work|  Co "  Bur|i,1<[uu,  ,„„., 
:,|iiki-    sure    that    the    governor 

*<ll  shut  off  completely  after  the  adjustment  is  made. 
it  on  the  governor  spindle  may  have  to  be  raised 
'*>  permit  this.  It  is  dangerous  to  make  the  cut-off  later 
■  ii  governor  position  without  testing  afterward  to 
sure  the  governor  will  shut  off.  (4)  Increasing  the 
of  the  balls  of  a  loaded  governor  decreases  the  engine 
6 1  Tin  pull-  a  or  gear  sizes  may  be  changed  to  drive  the 

:it    a   different    s| d  relative  to  the  engine   speed. 

.    the    governor    ciintiniieH    In    mtate    at    its    i.rigin:i! 
jiiv  '   is  cither  increased  or  decreased. 


w>  per 
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If  tV  governor  driving  pulley — on  the  engine  shaft— is  increased 
in  "iie,  the  engine  speed  will  be  proportionally  decreased.    If 


ed  in  size,  the  speed  of  th 
illy  increased  and  vice  versa. 
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Note. — The  Hensitivenesh  Or  A  Governor  Is  Often 
Auto  When  The  Speed  1b  Chanued.  Increasing  the  weight 
tension  has  a  tendencj 
the  governor  more 
Many  paper-mill  engini 
are  provided  with  do- 
pulley  drives  so  that  t 
speed  may  be  increase 
5  times  the  minimum 
shifting  the  drive  on 
Engines  equipped  with 
croora  are  called  pari 
engine*. 

Note. — The  Speed  i 
Engine  Governors  Se 
erate  Is  Sometimes  St 
The  Governors  by  the 
turer  of  the  engine.  If  ■ 
stamped  the  correct 
speed  should  be  ascerti 
the  manufacturer  or  b; 
fore  one  attempts  to  c 
engine  speed. 

Example.— An  en 
284-7}  which  has  a 
driving  pulley,  P,  9  in.  ij 
and  a  driven  pulley,  7J 
diameter  is  operating  sal 
at  75  r.p.m.  What  cha 
be  made  in  the  govemi 
that  the  engine  will  opt 

Solution. — For  satisi 
eration,  the  governor  sh 
ate  at  the  same  speed- 
r.p.m.  of  the  governo 
pulley — as  before.  Wil 
gine  speed  decreased, 
governor  speed  may  be  i 
hy  changing  either  pu 
pulley  D;  or  by  chani 
palkm  P  and  D,  and 
roperly   selec 


B^/J 


L'tt-rs.     If  pulley  P  is  change' 
iWi  =  10.:*  in.     if  pulley  I) 
npo.il   alunihl   he   12    X 
Willi  the  ilii-rc-ise  in  e 
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tome  in  the  valve  opening  to  maintain  the  lower  speed,  hut  thin  change 
o  Tihe  opening  may,  usually,  lw  effected  by  an  adjustment  in  the 


GE 


l-Nc-     Drive 
f«.  IM.— Eumpk— chineii 


Pawnor  linkage.     With  the  engine  speed  increased,  the  pmeedui 
■  tie  reverse  o!  that  just  described. 


x. — If  the  governor  in  the  pn iling  example  h: 

■  (Kg.  285),  the  change  in  speed  might  huve  been  made 


m 
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either  the  bevel  gears,  E  and  F,  or  the  straight  spur  gears,  A  and  B.  In 
either  case,  assuming  that  the  distance  between  the  meshing  gear  centers 
must  remain  fixed,  the  two  gears  which  mesh  must  both  be  changed 
Assume  that  the  gears,  A  and  B,  are  4  diametral  pitch  (that  is,  4  teeth  per. 
inch  of  diameter)  and  have  36  and  72  teeth  respectively.  The  pitch 
diameter  of  A  is  then  9  in.  and  that  of  B  18  in.  The  distance  between 
centers  must  remain  the  same  since  the  crank  shaft  and  pinion  shaft  are 
both  fixed.  This  distance  is,  in  this  case,  (9  -5-  2)  +  (18  -8-  2)  -  13.5  in. 
But  for  the  change  in  speed  required,  the  ratio  must  be  changed  in  the 
proportion  of  75  to  65  or  it  must  now  be  2  X  75  -5-  65  —  2.301.  If  the 
same  pitch  is  to  be  used,  the  total  number  of  teeth  in  both  gears  must 
remain  the  same  (108  teeth).  The  requirements  for  the  new  gears  are 
then  expressed  by  the  equations: 

%  -  2.301  and  M  +  N  -  108 

Where  M  is  the  number  of  teeth  in  the  new  pulley,  B\  and  Ar  is  the 
number  of  teeth  in  the  new  pulley  A'.  Solving,  by  the  simultaneous 
equation  method,  M  =  75.3  and  N  =  32.7.  Taking  the  nearest  whol 
number  of  teeth  which  will  give  the  required  pitch  diameters,  the1 
results :  33  and  75  for  the  required  number  of  teeth.  If  the  change  is  ^ 
be  made  in  the  bevel  gears,  a  new  pair  must  be  designed  or  selected  whi* 
will  provide  the  desired  ratio  and  the  proper  shaft  alignments. 

Example. — Certain  of  the  other  means  described  in  the  above  sect  i* 
for  changing  the  speed  of  the  engine  of  Fig.  284  are:  (1)  //  the  count* 
poise,   C,   is  made  lighter  it  will  decrease  the  speed  of  both  the  engi 
and  governor;  if  it  is  made  heavier,  it  will  increase  the  speed  of  bo 
engine  and  governor.     (2)  Changing  the  weight  W  has  the  same  eff^ 
as  changing  C  because  the  rod  which  supports  W  is  connected  to  fc-J 
spindle  which  carries  C.     Changing  the  weight,  W,  provides  a  convent* 
method  of  temporarily  changing  the  speed  of  the  engine.     Thus,  if 
machine  is  being  started  which  requires  considerable  power  and  whic 
would  normally  slow  down  the  overloaded  engine,  a  weight  of  sufficie*1 
amount  may  be  added  to  W  to  maintain,  for  the  time  being,  the  engim 
speed  constant.     Then,  when  the  load  of  the  machine  is  discontinued,  tb< 
extra  weight  may  be  removed  from  W.     This,  as  compared  with  the 
modern  speed  regulating  devices  is  a  crude  expedient;  but  in  emergencies 
it  may  prove  serviceable.     (3)  //  the  weight,  D,  is  shifted  backward  or 
forward  on  its  lever,  it  will  change  slightly  the  speed  of  the  engine. 
(4)  Some  governors  hare  at  L  a  link  of  adjustable  length  whereby  the  engine 
speed  may  be  changed;  see  "Caution"  below.     (5)  The  effective  length 
of  the  ram  rod,  R,  may  be  increa&al  or  decreased  to  change  the  engine  speed. 
Caution:  But   neither  this  plan  nor  the  one  just  preceding  it  should, 
ordinarily,  be  adopted.     Changes  in  L  may  affect  the  sensitiveness 
governor  mechanism.     Careless  adjustment  of  either  L  or  R  may 
the  realization  of  a  verv  short  cut-off  and  therebv  cause  trouble 
if  .•)))  of  the  engine's  load  is  suddenly  thrown  off. 
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332.  Governors  May  Be  Adjusted  For  Greater  Or  Less 
Speed  Regulation  but  such  adjustments  should,  whenever 
possible,  be  referred  to  the  manufacturer.  The  inexperienced 
I  engineer  is  cautioned  against  making  radical  adjustments  of 
1  thig  sort.  (1)  Weight-loaded  governors  will  give  closer 
regulation  if  their  speed  is  increased  and  enough  dead  weight 
added  to  bring  the  engine  speed  back  to  its  original  value. 
Conversely,  if  the  speed  is  decreased  and  the  dead  weight 
'e&ened,  there  will  be  more  variation  in  speed.  (2)  If  a  weaker 
8Pring  is  substituted  in  a  spring-loaded  governor  and  this 


*"».  28fl.— Showins  adjustable  ■< 


RM  levers,     (Lever.  I.  is  adjusted  by  thai 
.    Level  II  it  adjusted  by  means  of  a.  hand  w 


spring  is  compressed  more  so  as  to  exert  the  same  force,  the 
regulation  will  be  closer  because  a  lesser  change  in  pressure 
in  the  spring  will  then  be  required  to  produce  the  same  amount 
of  movement.  (3)  The  radius  of  a  governor  lever  (Fig.  286) 
"lay  be  so  adjusted  that  the  same  valve  movement  is  accom- 
plished with  less  governor  movement. 

Note. — Aster  Making  Any  Ok  The  Above  Adjustments  Fob 
Closes  Speed  Regulation,  there  may  be  (rouble  with  the  governor 
hunting  and  the  dash-pot  resistance  may  have  to  be  increased  and  per- 
haps a  spring  inserted  in  the  dash-pot.  rod  (Fig.  277)  mechanism. 

233.  Some  Governors  May  Be  Adjusted  For  Greater  Or 
Less  Promptness,  but  these  adjustments  should  ordinarily 
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be  left  to  the  governor  designer  and  manufacturer.  (1 
Inertia  effect  may  be  introduced  to  secure  quicker  respons 
but  such  a  change  ordinarily  requires  complete  re-design  <i 
the  governor.  (2)  Spring  load  may  sometimes  be  substitute 
for  part  of  the  weight  load  in  a  weight-loaded  goveraoi 
The  spring  is  lighter  and  may  change  position  more  quick); 
than  a  weight.  (3)  A  spring  may  sometimes,  if  not  alread; 
used,  be  inserted  in  the  dash-pot  rod  (Fig.  277).  This  sprin 
allows  the  governor  to  assume  its  new  position  at  once  an 


the  dash-pot  adjusts  itself  later.  (4)  A  hanging  chain  (F 
287)  has  been  recommended  as  a  substitute  for  a  dash-p 
where  greater  promptness  is  desired.  (5)  A  lighter  oil 
larger  opening  in  the  dash-pot  gives  greater  promptnc 
A  heavier  oil  or  smaller  opening  in  the  dash-pot  gives  slow 
action — less  promptness.  (6)  A  spring  may  be  inserted 
the  dash-pot,  as  shown  in  Fig.  2S8,  if  the  engine  is  too  prom 
nenr  no  load. 


K 
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236.  Governors  May,  If  Incorrectly  Applied   Or  In  Poor 
Condition,  Allow  Engines  To  Race  fur  variola 
"racing"  is  meant  the  accidental  running  of  an  engine  It 
considerably   above   the   speed   for   which   it   wflfl 
(The  following  material  is  baaed  partly  on  YY.  Tnnl 
noes  And  The  Governinu  Of  Prime  Mu 
racing  takes  place  with  an  old  governor  which  has  gh  i 
months  or  years  of  satisfactory  service,  tin    i -lu< ■: 

(ui  Tim  dash-pot  may  be  in  poor  condition  or  poorly  adjusted 
pockets  in  the  dash-pot  are  likely  to  cause  racing.     If  lb*  ml  uptoinf 
the  piston  or  valve  is  too  large,  tot)  sudden  variation  in  governor 
tuny   lir  ull'iwrd.       I'mli-i    tliu,.'  i-urulu  "in-,  ■.  ■  1 1 1 1  h  -  r    I  lie  "]HIiifig  gliouM 

portly  closed  or  o  heavier  oil  used. 

(6)  The  valves  may  have  been  adjusted  bo  that  the  governor 
properly  controls  them.  If  adjustment*  have  been  made  in  ll 
the  governor  linkage  may  have  to  be  adjusted  also.  Racing  from  r 
cause  usually  oceunt  only  at  light  loads,  and  is  prevented  by  adjunti 
the  governor  linkage  ao  that  the  valves  may  shut  off  completely  at  w 

(e)  There  may  be  excessive  friction  somewhere  in  the  mei'l«Di»nv 
Such  friction  may  usually  be  detected  by  moving  the  governor  by  liMul 
either  directly  or  with  a  bar,  en  re  being  taken  not  to  strain  the  appamtt*- 
It  may  be  caused  by  the  framework  of  the  governor  becoming 
of  line,  in  throttling  governors  by  poor  oil  or  dirt  clogging  I 
a  number  of  other  causes. 

(rf)  The  Corliss  releasing  gear  controlled  by  the  governor  nmy  b)  ■" 
poor  condition.     The  knife  edges  may  be  so  dulled  that  they  slip  Uttmfl 
uncertain  in  their  action.     The  dosh-pol  of  the  valve  nun    i 
completely  when  released.     This  latter  trouble  ma 
nirilv  by  tying  a  long  flexible  spring  to  the  dash-pot  arm  tuna 
pot  in  closing  the  valve.     This,  of  course,  i»  s  tnakeahifi  and  Ibi  ili.ili- 
Bliould  be  repaired  us  soon  as  possible. 

[r)   Where  the  governor  is  licit-driven,   the  belt   may  be  slipping 
limes.     Pressing  down  on  the  idler,  or  using  a  belt  tightOCT, 
whether  or  not  this  is  the  trouble.     Whin  this  a 
too  loose  or  oily,  or  there  is  undue  friction  in  thegovemoi  ipiadlc 
or  gears. 

(/J   If  the  governor  has  been  adjusted  for  a   i  i 
speed,  it  may  have  been  mailc  unstable  bj   the  adjustment.      It  may 
made  more  stable  n*  indicated  in  Sits.  232  and  2S4,  by  adjiutint 
greater  speed  regulation. 

(2)  //  the  racing  occurs  with  a  new  governor  which  DM 
Riven   any   s:il isf;ictor\    service,   the   trouble  should,   wIiitm 
possible,  lie  referred  tn  flu'  mannfiicttirei 
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Note. — Heating,  Weak,  Poo* 
etc.,  are  likely  to  affect  governor  operation,  jtjtt  as  tfcey 
other  mechanical  device.    Cloae  adjuilaiiiit 
always  possible  where  troubles  of  this  tort 
remember  is  that  good  governing  is  usually 
valves  are  in  poor  condition. 

238.  In  Ordering  A  Throttling  Governor,  the  foBow 

quest  ions  should  be  answered  (based  on  Pickering  and  Gird 
governor  catalogues):  (1)  What  type  or  catalogue  nmnbe 
preferred?  (2)  Is  the  engine  vertical  or  horizontal? 
Diameter  of  engine  piston?  (4)  Length  of  piston  stool 
(o)  What  is  the  lowest  speed  required  of  the  engine? 
What  is  the  highest  speed  required  of  the  engine?  (7)  Wl 
is  the  class  of  service  for  which  the  engine  is  used?  (8)  Ins 
diameter  and  length  of  steam  pipe?  (9)  Diameter  of  govern 
driving  pulley  on  engine  shaft?  (10)  Width  of  belt  driv 
governor?  (11;  What  steam  pressure  is  ordinarily  cam* 
(12;  Degree  of  superheat  if  any?  (13)  Is  the  flywheel  on  i 
engine  large  enough  to  keep  the  engine  speed  steady  at  all  tin* 

239.  The  Following  Table  Gives  The  Sizes  Of  Throttti 
Governors  ordinarily  required  (Jarecki  Mfg.  Co. — "Er 
governor; : 


Engine 

cylinder  diameters, 

inches 

Governor  size,    . 

-- 

-  -  - 

-   -——- 

diameter  of 

opening, 

Piston  speeds,  feet  per  minute 

inches 

300 

7 

400 
6 

500 

—             

600 

V<i 

5 

4>2 

2 

9 

8 

7 

6 

*71 

12 

10 

9 

f 

8 

3 

14 

i 
1 

12 

10 

l 

9 

.J>2 

16 

1 

14 

12 

11 

4 

18 

16 

14 

13 

4JS 

20 

1 

18 

16 

i 

i 

15 

5 

22 

1 
1 

20 

18 

i 

16 

0 

26 

1 
1 

23 

21 

1 

19 

7         ; 

31 

27 

24 

i 

22 

S 

36 

31 

2s 

i 

25 

9                ' 

40 

35 

31 

28 

10               j 

45 

3' 

35 

1 
( 

32 
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A  Governor  Once  In  Good  Condition  Requires  The 
ing  Attention.  -Keep  the  governor  clean  and  see  that 
holes  lire  kept  free.  Use  good  oil.  Pack  valve-stem 
■  bom  of  throttling  governors  with  eandle-wieking 
g  of  good  quality  soaked  in  oil.  Remove  all  old 
g  when  re-packing.  See  that  the  valve  stem  is  smooth 
»n.  Tighten  the  gland  just  enough  to  prevent  escape 
un.    For  repair  of  governor   valves  see  the  author's 

Power  Plant  Auxiliaries  And  Accessories.  Some 
era  advise  allowing  a  little  steam  to  escape  around  the 


■>,    HO,  -flhowfof  wljuMii.lc  thrust  timrinf  fi>r  fly-b»U  jovornor 

ii  Icwp  the  packing  lubricated  and  soft]  and  advise  re- 
i  cv'tv  30  days.  Changes  in  speed  should,  ordinarily,' 
de  by  methods  recommended  by  the  manufacturer. 
■  ruisi  hi-  tightened  occasionally.  Hall  bearings  (Fig. 
Betimes  be  renewed.  Knife  edges  on  B6D6i- 
vernors  (Fig.  273)  will  sometimes  have  to  be  sharpened. 

bearings  (Fig.  290)  occasionally  need  to  be  adjusted 
e  I  he  gears  mesh  properly. 

Compound    Engines    May    Be    Governed :    (1) 
ng   the  high-pressure   cylinder  only.     (2)   By  govern 
Under*.     The  first  method  is  used  largely  with  8 
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engines  and  engines  which  are  working  under  very  stead; 
loads.  The  cut-off  of  the  low-pressure  cylinder  is  then  fixo 
at  a  point  which  will  give  a  proper  receiver  pressure  under  th 
load  expected.  The  objection  to  this  method  of  governinj 
is  that  it  is  too  slow  under  most  conditions  since  the  change 
in  load  arc  not  compensated  for  in  the  low-pressure  cylinde 
until  the  receiver  pressure  has  changed.  This  change  ma; 
require  several  strokes  of  the  engine.  It  is  an  economics 
method  of  governing  when  it  is  applicable.  When  the  secon« 
method  is  used,  a  mechanical  connection  is  ordinarily  mad 
between  the  valve  gears  of  the  two  cylinders  so  that  a  move 
ment  of  the  governor  changes  the  cut-ofif  on  both  cylinder 
proportionally.  Sec  Div.  8  for  a  further  discussion  of  com 
pound-engine  governing. 

QUESTIONS  ON  DIVISION  • 

1.  Why  is  a  steam-engine  governor  usually  necessary?     When  is  one  unnecessary? 

I.  Why  dot-*  not  a  governor  keep  the  engine  speed  exactly  constant?  What  variation 
in  engine  *|tccd  ilo  governor*  in  practice  permit? 

S.  What  two  force*  are  utilised  by  governors  in  detecting  speed  variations?  Which  i 
employed  principally  in  fly-hall  governor*? 

4.  Wh.it  two  method*  do  fly-hall  governors  use  for  controlling  the  steam  supply  to  th 
engine?     Which  give*  the  hot  engine  performance?     Why? 

•  Show  hy  a  *keteh  one  safety  feature  often  used  in  throttling  governors.  One  nM" 
i-i  i'orhf**  governor*.     What  disaster  may  occur  if  the  governor  fails? 

•  Mow  should  governor  belt*  he  spliced?  Show  hy  a  sketch  some  extra  fautenio* 
w  Inch  may  be  used  on  governor  pulleys  and  levers. 

T.  line  some  precautions  which  should  he  taken  to  lessen  the  danger  of  govern1 
fuilurv. 

ft.  What  »>  meant  h>  a  .*t':>:v.ri  governor?  One  with  small  cofffieient  of  rtgulatv*' 
V  ;»'. ■•»■;«:  governor?      A  *.-.;r.,:<l.  go\rrnor?     A  iwrtrful  governer? 

9.  How  arc  tc>t>  'or  speed  regulation  usually  made?  What  bad  effect  results  fr«> 
:>  osMtitarx  \  ar.ution  ;r.  >peed  o!  an  engine  driving  a  lighting  generator? 

10.  *;^o  !o-,jt  »>i\  :»?:!■»«:«>  .••  a  i.Miicd  gox«r:ior  over  a  simple  pendulum  governor. 
It.   What  i«*  !vi\i\;  b\   a  »?.:S.'.   «o\«rnor*     An  if^Kronou*  governor?     Why  canri* 

vnitiV.  av.d  ui'.^taXe  »;.'\  i  tt.^ts  S    .;*e\i  *.n  f  ::g:net-ring? 

II.  iV.  «!■:,;  .l.\>  tVc  .^■'■:;f:;s.v  :.  :.-»  :r.  a  revolving  weight  depend? 

19.  Kxplar.:  b>  a  >m:,J.  r»-w  !>a"I*  i  ur.g  :>.::.  .i;fTercx;t  length  arm?  rise  to  the  san- 
1  i  .*:.!   wV.r:.  ri  \  .  ".\  r.:  at  ::  »   >.sv  c  >;\t^ 

14.  >:■»:»    *.  ■   i    :us!.:>  lv:»e*:.  :.  r.v*    u  ■. -.*  r. :  s  ar.d  spe-ed*  in  fly-ball  governor 

IS     \X  :■.-.:  r..'>  .■  :.\*.   *.*<•  *  >p:  :■£  ".--a^iv.  i.\»:'.^:  ■  \tr  a  Wright  -loaded  one? 

1$    1  \j* ' s.:\  «  :  ■•  si  s :.'•■.■     :    .      ..    •  ".<  .  ■■  .s  i  -\  i  -■...  -  s:';,:  *  sudden  change  in  load. 

I?    XX  ■  ,:  .•'•■■.  >  -  •■    •■  :    .■*■     :     ■■".-.--    :.   :.  ar.ii  n.echanipal  friction  o 

k   \ ,  .         .  ■.»,:*:     ■         W     *■     .:  .  .■>  v  ■  ■■*  ;.    ■■•  \   ..*■■■•:    r.  .:»»h-pr-t«? 

1$    *\*.  ■  •-.■  :..*:.      .      ■■■■..    *:>:■       .->"  -.    : 

1*     N  .  "•.-.»        «  ■.  .."»:     *  «.■»:--■  ■■>  •   -  .•.-.*<rer.:  engine  spt<d#.    Wha 

»:^      -...  .."■■.  =  :  :     V*;-  ;  Jo«    "  *>  ::.-  *:?<•  c  f  ■.  .■:  *      H    »  r..*>  a  governor  be  adjusted  fo 
.  x»  ».v. .-.  ■    c ..  s:  .'• 

$C    w  .v.    >  :    .  .-:*:-.gvr  .>*  a4>"  •»  bltkr  fpred  regulaTion* 

ffl     ?:.  »   -   a\   »  tvxvrMt  %  "woept 
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B.  Give  some  of  the  principal  causes  of  racing  and  their  remedies. 
B.  What  will  cause  a  governor  to  respond  too  slowly  to  a  change  in  loud  on  the  engine? 
By  what  general  method  may  this  be  overcome? 
at  What  will  cause  a  governor  to  vibrate? 
ML  Name  thirteen  points  of  information  which  should  be  given  in  ordering  a  throttling 


H  What  sise  throttling  governor  is  required  for  an  engine  running  500  ft.  per  min. 

Koa speed,  having  a  bore  of  14  in.,  under  average  conditions? 

W.  What  care  does  a  governor  usually  require  after  it  has  once  been  put  in  good 


•»  What  are  the  advantages  of  the  two  methods  of  governing  compound  engines? 

PROBLEMS  ON  DIVISION  • 

L  What  is  the  coefficient  of  regulation  of  a  governor  if  the  engine  runs  201  r.p.m.  at  no 
«*s  tad  197  r.p.m..  at  full  load? 

1  To  what  height  from  the  upper  pivot  will  the  balls  of  a  simple  pendulum  governor 
"*it87  r.p.m.? 

1  What  centrifugal  force  will  be  developed  in  a  governor  ball  weighing  0.25  lb.  revolv- 
■1  *t  500  r.p.m.  at  a  radius  of  4.32  in.? 

I  A  governor  makes  3.7  revolutions  for  each  revolution  of  the  engine,  the  engine 
nutincit  105  r.p.m.  How  many  revolutions  should  the  governor  make  per  revolution 
°f  the  engine  if  the  governor  is  to  be  adjusted  by  changing  the  pulley  sises  to  allow  the 
'Nine  to  run  at  125  r.p.m.  If  the  adjustment  is  to  be  made  by  changing  the  governor- 
ship pulley  on  the  crank  shaft,  which  was  previously  14  in.  in  diameter,  what  sise 
*fcy  should  be  substituted  ? 

i  The  counterpoise  on  a  Porter  governor  weighs  145  lb.  and  the  weights  12  lb.  each 
''the height  from  the  center  of  the  ball  to  the  intersection  of  the  arm  and  spindle  axes  is 
16  is.  is  starting  position,  at  what  speed  will  the  governor  lift? 


DIVISION  7 

SHAFT    STEAM-ENGINE     GOVERNORS,    PRINCIPLE! 
AND  ADJUSTMENTS 

242.  A  Shaft  Steam-Engine  Governor  Is  One  Whit 
Revolves  About  The  Engine  Crank  Shaft  As  A  Center.—; 
shaft  governor  is  (Fig.  291)  commonly  located  in  the  flywhw 
of  the  engine  and  governs  the  engine,  as  will  be  explain? 
later,  by  changing  the  position  of  the  eccentric  or  the  valvt 
operating  crank.  Shaft  governors  are  widely  used  on  medim 
and  high-speed  engines  (150  to  400  r.p.m.  depending  on  tb 
size;   see   also  Sees.   74  and  75)  of  the  slide-valve,  poppe' 


utvi  ;ton-releasing  Corliss- valve  types  and  are  adapt 
.  uv  »  ft*-re  sudden  largo  changes  in  load  occur  and  whe 

v^Maeton  is  desired.  Single-valve  engines  which  a 
.vii   >»tth   shaft  governors   are   often   called   automa 

.,     >Q<wt    governors   arc    sometime!'    called  automa 


>*,.ff  y".*KHNObtM  Are 


Cut-Off"  Govi 
rotlling  govern 


I 


&V 
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insofar  as  economy  is  concerned.  However,  a  shaft-governed  simple 
slide-valve  engine  does  not  show  as  good  an  economy  as  does  a  fly-ball- 
Roverned  Corliss-valve  engine.  Fig.  292  shows  the  governing  action  of 
the  Skinner  engine  governor  (Fig.  291).  The  line  A  corresponds  to  a 
little  more  than  friction  load;  the  line  B  to  about  normal  load;  and  the 
line  C  to  maximum  load.  It  will  be  noted  that  the  cut-off  is  less  sharp 
and  the  expansion  lines  less  regular  than  with  a  Corliss  gear  (Fig.  256). 
Also  there  is  more  throttling  at  light  loads  with  a  shaft-governor  cut-off 

Rear  than   with  a  Corliss  releasing 

Rear.    Furthermore,  the  compression 

line  is  changed   (Fig.  292)  with  the 

shaft  governed  engine  whereas  it  is 

Dot  changed  with  the  releasing  Corliss 

engine. 
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243.  The  Fundamental 
ciples  And  Terms  Relating  To 

Pl \       Z   11      V»  ~TT        *T         Fio.  292.— Showing  the  effect  of  vari- 

■**y-BaIl      Governors      (DlV.      6)     able  cut-off  governing  by  a  shaft  gover- 

Appiy  Also  To  Shaft  Governors.  nor    (Cutoff  °°cur8  ttt  Xl*  x,» x' •> 

^or  example,  shaft  governors  may  be  stable,  unstable,  may 

**How  racing,  may  hunt,  may  require  dash-pots  or  may  give 

too  much  speed  regulation  for  very  much  the  same  reasons 

**s  were  explained  under  fly-ball  governors.    Shaft  governors, 

however,  do  not  permit  of  as  many  adjustments  as  do  fly-ball 

$£ov~ernors.    Shaft  governors  cannot  ordinarily  be  adjusted 

wHile  in  motion.     The  two  principal  methods  of  adjustment, 

^^     vrill  be  explained,  are  varying  the  weights  and  varying 

^■^c  spring  tension  (Sec.  255). 

^ote. — The  Forces  Required  For  Shaft  Governing  are  ordinarily 
y****eh  greater  than  those  required  for  governing  by  the  methods  explained 
\n  X>iv.  6.     In  shaft  governing,  the  eccentric  must  be  held  by  the  governor 
ln  a  certain  position  for  each  load — it  must  be  held  there  with  sufficient 
*ri*ttie8S  that  the  valve-gear  friction  will  not  displace  it.    This  necessi- 
tates the  exertion  of  a  relatively  considerable  force.    Also,  the  forces 
which  the  governor  must  exert  depend  on  the  valve  gear  and  its  reaction 
to  the  governor  and  eccentric  motion.     It  is  therefore  impossible  to 
exactly  analyze  the  forces  in  a  shaft  governor  by  considering  only  the 
governor  itself.    They  must  be  considered  in  connection  with  the  valve 
gear  which  the  governor  operates.    A  shaft  governor  must  be  specially 
designed  as  a  part  of  the  engine  on  which  it  is  to  operate. 

244.  Shaft  Governors  Employ  For  Their  Operation  Forces 
Of  Two  Kinds:  (1)  Centrifugal  force,  Sec.  213.  (2)  Inertia, 
Sec.  213.    In  this  respect  they  differ  from  fly-ball  governors 
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which  employ  centrifugal  force  only.  How  these  forces  are 
utilized  in  shaft-governor  operation  is  explained  in  the  succeed- 
ing sections. 

245.  Centrifugal  Force  Effects  The  Permanent  Control  In 
Shaft  Governors. — Fig.  293  illustrates  an  imaginary  shaft 
governor  which  employs  only  centrifugal  force  for  its  operation. 
In  all  shaft  governors  there  is  a  weight  (W,  Fig.  293)  supported 
by  an  arm  or  arranged  to  slide  in  guides,  G,  which  are  connected 

to  a  revolving  flywheel,  F,  so 
that  the  centrifugal  force  tends 
to  throw  the  weight  away  from 
the  center,  C,  of  the  wheel.  A 
spring,  S,  is  employed  to  count- 
eract the  effect  of  centrifugal 
force  and  is  so  arranged  as  to 
restore  the  weights  to  normal 
position  when  the  engine  comes 
to  rest.  In  the  governor  shown 
in  Fig.  293  the  centrifugal  force 
v     „QQ    «...  .  ,.  tends  to  throw  W  outward  and 

Fig.  293. — Showing  imaginary  shaft 
governor  which  operates  by  centrifugal    toward    (he  circumference  of  the 

force  only.  (This  imaginary  construe-  revolving  wheel,  whereaS  the 
tion  is  never  used  in  actual  governors.)  '  , 

spring  tends  to  draw  W  inward. 
The  spring  thus  counteracts  the  centrifugal  force,  holding  the 
governor  in  such  position  as  to  maintain  an  almost  uniform 
speed. 

When  W  is  forced  in  to  ward  the  center  it  increases  the  eccen- 
tricity of  the  crank  pin  (Sec.  148)  and  when  it  is  forced  away 
from  the  center  it  decreases  the  eccentricity. 


Wheel 


Note. — By  properly  proportioning  and  arranging  the  weights  and  the 
spring,  it  is  possible  to  make  a  shaft  governor  of  this  centrifugal  claaa  *> 
that  its  parts  will  move  directly  proportionally  to  any  change  in  speed  of 
the  engine.  But  for  reasons  given  in  Sec.  248  the  force  of  inertia  isik> 
employed  in  all  modern  commercial  shaft  governors. 

Note. — No  Governor  Employing  Centrifugal  F< 
lating  Means  Can  Operate  Without  Some  Cha* 
Speed  As  The  Load  On  The  Engine  Cha* 
stated  that  no  change  in  governor  position  c 
speed  had  taken  place.     This  statement  is  ec 
in  spite  of  certain  manufacturers'  clai 
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with  whuff,  governors  (he  difference  hi-lwii'ii  (ho  nii-lond  mid  hill-load 
spells  may  be  leaa  than  one  revolution  in  300 — speed  regulation  of  \i  of 
1  per  cent.  Such  a  small  speed  variation  would  be  difficult  to  detect 
with  a  revolution  counter.  If  an  engine  is  operating  at  no  load  and  the 
load  is  suddenly  thrown  on,  the  engine  may,  due  to  the  inertia  effect  (see 
Sec.  213)  of  the  governor,  attain,  in  accelerating,  a  speed  greater  than  the 
no-load  speed  before  the  governor  reaches  equilibrium.  But  this  extra 
speed  is  only  temporary.  For  normal  operation,  the  engine  must  run 
a  little  slower  at  full  load  than  at  no  load. 

246.  Inertia  Forces  Effect  Temporary  Control  In  A  Shaft 
Governor.— The  principle  of  Inertia  is  employed  in  shaft 
governors  for  preventing  sudden 
changes  in  speed  in  somewhat  the 
same  way  as  it  is  employed  in  fly- 
wheels. The  inertia  governor  may 
thus  be  considered  &  sort  of  auxiliary 
flywheel  which  acts  through  the 
valves  of  the  engine  instead  of 
acting  directly  on  the  crank  shaft. 
The  principle  of  inertia  is  one  of 
Sir  Isaac  Newton's  laws  of  mo- 
tion. It  may  be  stated — as  ap- 
plied to  revolving  governor  parts 
— thus:  A  body  at  rest  tends  to  ■ 
remain  at  rest;  and  when  revolv-  ""'"  °"J*;  (Thi*  enn>"u«'*'<">  » 
ing,  tends  to  continue  revolving 

at  a  uniform  speed.  Fig.  294  shows  an  imaginary  shaft 
governor  which  would  operate  by  inertia  only.  The  weighted 
bar,  WW,  is  pivoted  at  its  center  of  gravity,  G.  Since 
the  bar  is  so  pivoted,  it  has  no  tendency  to  revolve  on  itn 
pivot  due  to  centrifugal  force.  It  is  held  loosely  in  place  by 
springs  and  kept  from  extreme  rotation  by  the  stops,  IIB. 
Now,  if  the  flywheel,  F,  is  suddenly  started  in  the  direction 
indicated,  the  weighted  bar  will,  due  to  its  inertia,  tend  to 
"hang  back."  It  will  rotate,  relative  to  the  flywheel,  so  that 
the  valve-operating  crank  pin,  P,  will  be  brought  nearer  the 
center  of  the  shaft,  C,  which  is  equivalent  to  decreasing  the 
eccentricity,  Sec.  148.  This  movement  will  decrease  the  valve 
travel  and  the  speed  of  the  engine  will  thus  be  checked.  A 
governor  of  this  sort  would  prevent  sudden  changes  in  engine 
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speed  hut  it  would  alluw  any  amuunt  of  gradual  engine-speed 
change.  Consequently,  for  a  shaft  governor  which  b  to 
maintain  some  definite  engine  speed,  centrifugal  force  (Sec. 
213)  must  also  be  employed. 

247.  A  Shaft  Governor  Secures  Prompt  Action  And  Close 
Regulation  By  Combining  Centrifugal  Force  And  Inertia. 
The  elementary  governor  bar,  IW,  of  Fig.  295  is  so  arranged 
that  its  mass  is  affected  by  both  centrifugal  force  and  inertia. 
The  governor  bar  is  pivoted  at  M  (not  at  its  center  of  gravity) 
and  carries  a  large  "centrifu- 
.ny„ht,i station  gal"  weight,  W,  and  a  smaller 

"inertia"  weight,  /.  The  whole 
bar,  however,  is  acted  upon  by 
both  centrifugal  force  and  in- 
ertia. It  is  prevented  from 
rotating  excessively  by  the 
stops,  B.  The  center  of  gravity 
of  the  bar  is  at  G.  The  bar 
carries  also  the  valve-operating 
crank  pin,  P,  which  operate* 
the  valves  of  the  engine  through 
the  valve  rod  and  valve  stem- 
Assume  that  the  flywheel  w 
being   started   in  the  direction 

"""  "  of   arrow   R.    As   the  flywheel 

speed  increases,  the  center  of  gravity  tends  to  move  outward 
us  indicated  by  the  arrow  T,  but  is  restrained  by  the  spring- 
If  the  speed  of  the  flywheel  increases  suddenly,  the  weights, 
due  to  their  inertia,  tend  to  rotate  in  the  direction  indicated 
at  $,  against  the  spring  tension.  This  movement  will  bring 
the  pin,  P,  closer  to  the  center,  C,  and  the  travel  of  the  valve 
will  thus  be  reduced.  With  a  reduced  valve-travel,  the  engine 
will  Ik-  tumble  to  further  increase  its  speed.  After  the  speed 
becomes  uniform  at  its  higher  value,  the  weights  will  exert  no 
inertia  effect.  Inertia  will,  therefore,  no  longer  keep  the 
governor  in  its  new  position  but  an  increased  centrifugal  force 
will  then  have  been  developed  (Sec.  213)  due  to  the  increased 
speed.  This  force  will  maintain  the  governor  bar  in  the  new 
position.     If  the  speed  slackens,  the  above-described 
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will  be  reversed,  the  spring  operating,  after  the  speed  is 
uniform  and  inertia  is  no  longer  effective,  to  retain  the  bar  in 
its  low-speed  position.  The  hunting  of  a  shaft  governor  which 
actually  occurs  before  it  attains  its  final  condition  of  equilib- 
rium for  the  given  load  is  similar  to  that  described  for  fly- 
ball  governors  in  Sec.  229.  It  is  not  therefore  treated  in  this 
explanation. 

248.  Why  Shaft  Governors  Employ  Both  Centrifugal  Force 
And  Inertia  in  order  to  secure  prompt  action  may  be  explained 
as  follows:  A  shaft  governor,  due  to  the  considerable  force 
which  it  must  exert  to  keep  the  eccentric  in  position  against  the 
friction  of  the  valve  and  valve  gear,  must  be  relatively  heavy — 
that  is,  it  must  be  many  times'  heavier  for  a  given  service  than 
a  fly-ball  governor.  As  explained  in  Div.  6,  a  governor  which 
is  very  heavy  is  correspondingly  slow  or  sluggish  if  only 
centrifugal  force  is  used.  Hence,  it  is  obvious  that,  with 
heavy  weight  arms,  to  insure  the  prompt  action  which  is 
essential  for  close  speed  regulation,  a  shaft  governor  must 
Employ  some  force  other  than  centrifugal  force.  Hence  nearly 
fcU  shaft  governors  are  so  designed  that  the  inertia  of  the 
freights  will  assist  the  governor  in  changing  position.  By  thus 
employing  inertia,  a  shaft  governor  obtains  more  prompt 
action  than  is  ordinarily  possible  with  a  fly-ball  governor. 
The  speed  regulation  of  a  good  shaft  governor  is  within  less 
than  1  per  cent,  regardless  of  whether  the  change  in  load  is 
made  slowly  or  suddenly.  Furthermore  the  governing  action 
is  so  prompt  that  a  well-designed  shaft  governor  will  attain  its 
new  position  for  a  changed  load  within  1  or  2  revolutions,  which 
may  represent  but  a  fraction  of  a  second. 

249.  How  A  Shaft  Governor  Controls  The  Speed  Of  An 
Engine  may  be  understood  by  referring  to  Figs.  296,  297  and 
298.  The  governor  'shown  is  arranged  to  vary  the  valve 
travel  without  changing  the  angular  advance  of  the  eccentric 
materially. 

Explanation. — The  governor  is  shown  in  Fig.  296  in  full-load  position. 
The  valve-operating  crank-pin,  P,  which  is  carried  on  the  governor  bar, 
travels  in  a  large  circle,  Et  giving  a  maximum  valve  travel.  The  engine 
steam  port,  A,  has  therefore  a  large  opening  at  quarter  stroke  and 
cut-off  occurs  late.     If  the  load  is  suddenly  thrown  off  the  engine,  the 
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guvenmr  "ill  assume  the  new  position  shown  in   rig,  297,  etpUMd  it 
Sec.  247,  and  the  crank  pi"  then  travels  in  a  smaller  circle.  E'  iV'ig. .", 
The  travel  of  the  crunk  pin   is  now  but  little  more  than  Bnfflawl 


Fui.  MO.— Mi 


Km.  M7 .— M. 


Pio.  MS.— Mi 


uncover  the  admission  porl  nl  A',  and  cut-off  occurs  a  little  pad  q 

stroke.     Less  steam  will  now  he  admitted  to  the  engine  and  the  ci 
speed  "ill  I"'  prevented  from  further  increasing.     With  the  arraugcin 


f 
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shown,  compression  occurs  earlier  in  Fig.  297  than  in  Fig.  296.     This  also 

helps  to  cause  the  engine  to  develop  less  power  if  the  governor  position  is 

changed  as  described  above.     The  extreme  position  of  the  governor  is 

shown  in  Fig.  298,  where  the  throw  of  the  eccentric  is  less  than   the 

8 team  lap  of  the  valve  so  that  the  steam  is  shut  off  from  the  cylinder 

entirely. 

Note.— The  engine  shown  in  Figs,  296  to  298  runs  "under."  If 
the  governor  arm  and  spring  were  reversed  in  position  (turned  over  from 
left  to  right)  the  engine  would  run  "over." 

260.  Reversing  An  Automatic  Engine  should  be  avoided 
whenever  possible.  The  engine  has  probably  been  nicely 
adjusted  before  it  left  the  factory  and  it  is  usually  difficult 
for  the  inexperienced  person  to  re-adjust  the  wheel  correctly. 

Note. — To  Reverse  A  Troy  Automatic  Engine,  do  not  disturb  the 
valve  nor  remove  the  flywheel  from  the  engine  shaft.  Remove  the 
Kovernor  arm  (Fig.  299)  and  reverse  it  on  the  pin — turn  out  the  side 
wh  ich  was  against  the  wheel.  Then  re-key  it  to  the  pin  using  the  other  an- 
Kle  key-way  which  is  provided  in  the  pin.  The  stops,  drag  spring  and  coil 
8I>rfng  must  be  carefully  reversed  in  position,  restoring  the  original 
Co**«iition8  as  nearly  as  possible.  Be  sure  that  the  stops  do  not  prevent 
tH^  governor  from  shutting  off  but  do  prevent  it  from  straining  any  of 
**^  mechanism.  Be  sure  that  the  friction  of  the  drag  spring  or  other 
P^*""t*  I1*8  n°t  been  made  excessive  by  the  change.  The  wheel  must  then 
^^    re-balanced  as  explained  in  the  note  of  the  following  section. 

261.  The  Balance  Of  A  Shaft  Governor  And  Its  Flywheel 

a**e  important  features  of  design.     If  the  moving  parts  of  a 

R^vernor  have  no  tendency  to  rotate  about  their  pivots,  due 

**>  gravity,  when  the  governor  is  at  rest,  the  governor  itself 

*&  said  to  be  in  balance.     If  a  governor  is  not  in  balance,  it 

>*rtll,  when  the  engine  is  running  slowly,  tend  to  deflect  first 

one  way  and  then  another.    A  governor  flywheel  is  in  balance 

if  its  center  of  gravity  lies  in  the  axis  about  which  it  revolves. 

If  the  flywheel  is  not  balanced  it  will,  when  the  engine  is 

running,  produce  a  centrifugal  force  acting  at  its  center  of 

gravity.    This  centrifugal  force  will  produce  undue  pressures 

in  the  main  bearings  and  excessive  bending  stresses  in  the 

crank  shaft.     The  balance  of  a  governor  flywheel  may  or  may 

not,    depending  on   its   construction,    be   destroyed   as   the 

weights  assume  different  positions  at  various  engine  speeds. 

A  governor  flywheel  is  in  continual  balance  when,  as  the  weights 
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deflect  with  centrifugal  force,  its  balance  is  not  destroyed. 
If  a  governor  flywheel  is  not  in  continual  balance,  it  will, 
theoretically,  be  out  of  balance  at  some  governor  position. 
But  the  flywheel  may  be  balanced  for  a  certain  position  of  ite 
weights  by  bolting  weights,  W  (Fig.  299),  at  the  proper  pointe 
to  the  flywheel  rim.     It  is  possible  for  a  governor  itself  to  be 

in  balance  without  the  flywheel 
being  balanced  for  any  or  all 
positions  of  the  weights.  Ex- 
amples of  various  degrees  of  gov- 
ernor and  flywheel  balance  are 
given  in  the  following  section. 

Note. — If  The  Flywheel  Has 
Become  Unbalanced  due  to  revers- 
ing the  engine  or  other  alterations, 
the  balance  may  be  restored  as  follows: 
First  find  the  direction  of  the  un- 
balanced force.  To  do  this,  smear 
grease  or  chalk  or  some  other  material 
on  the  end  of  the  shaft  near  the 
center,  as  shown  in  J,  Fig.  290,  *> 
that  a  scribed  line  will  show  on  it. 
Arrange  a  block,  box  or  chair  so  as 
to  support  or  steady  a  scriber  near 
the  shaft  center  and,  while  the  engine 
is  running,  scribe  a  small  circle  on 
the  end  of  the  shaft.  If  the  center  of  the  scribed  circle  is  not  in  the 
center  of  the  shaft,  the  flywheel  is  out  of  balance.  Weight  must  then  be 
added  to  the  flywheel  rim  at  a  point  located  by  drawing  a  line  from 
the  shaft  center  through  the  center  of  the  scribed  circle  and  extending 
this  line  to  the  rim.  The  amount  of  the  balancing  weight  which  is 
required  may  be  found  by  first  sticking  a  lump  of  putty  or  clay  to  the 
rim  and  making  another  scribed  circle.  When  the  right  amount  of  clay 
to  insure  balance  is  found  in  this  way,  select  a  piece  of  metal  of  the  same 
weight  as  the  clay.  Bolt  the  metal  to  the  flywheel  rim  with  a  counter- 
sunk machine  bolt. 


H- Weights  For  Restoring 
Da  lance  To  Flywheel 

Fig.  299.— Illustrating  a  method  of 
balancing  a  flywheel.  (Governor 
wheel  of  a  Troy  automatic  engine.) 


!.  Shaft  Governors  May  Be  Classified  With  R«Kf& 
'he  Arrangement  of    Weights  Employed    as    *-JUI™ 


252. 
To  The  Arrangement  of    Weights  Employed 

(1)  Balanced  governors  with  two  tceights  and  their  j 
continual  balance,  as  shown  in  Figs.  300  and  301. 
(Horernors  with  a  single  weight  and  their  fly whed$i 
balance  ( Fig.  WD .     (3)  <  vith  a  w 
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inertia  weight,  centrifugal  weight  and  eccentric  (Fig.  303); 
the  governor  and  its  wheel  being  nearly  balanced  in  all  posi- 
tions. The  action  of  governors  of  this  type  was  explained  in 
!  Sec.  247.  (4)  Governors 
I  having  two  arms  or  an  arm 
and  a  weight,  the  governor 
sod  its  wheel  being  nearly 
balanced  in  all  positions 
(Figs.  291  and  304).  Gov- 
ernors of  all  of  the  above 
Masses  can  be  so  operated 
that  the  regulation  is  either 
assisted  or  retarded  by  In- 
ertia and  can  be  connected 
to  a  rotating  or  a  swinging 
eccentric    as   desired.    In 

UlOSt  of  the  governors  here         Kio.    300.— Sh«ft  governor  which   employs 

described.theinerti&asaists  jTL]Tfri,t!L  "ftSJ™^  uu"ed  "d  fly" 
the  regulation.     See  Table 

254  for  manufacturers  of  engines  which  employ  governors  of 
the  various  kinds. 


Examples. — Figs.  300  and  301  show  governors  of  Class  1  having  two 
>eighls,  W,  in  balance.     The  eccentric  (Fig.  300)  is  mounted  on  a  plate, 
<!,  pivoted  at  P  and  is  connected  to  weight  levers,  - 
AwSrhSflb  WE,  by  connecting  rods  in  such  a  manner  that 

the  action  of  centrifugal  force,  in  throwing  the 
weights  WW  outward,  causes  the  center,  R,  of  the 
eccentric  to  swing  toward  the  center,  O,  of  the 
shaft.  The  springs  pivoted  at  K  act  against 
the  centrifugal  force  and  hold  the  weights  in  a 
certain  position  for  each  speed.  The  dash-pot 
simply  restrains  the  motion  when  too  rapid  and 
tends  to  prevent  racing  and  hunting. 

Fig.  302  is  an  illustration  of  a  shaft  governnr  the 
flywheel  of  which  is  not  in  continual  balance  (Class 
2).  Although  this  governor  has  hut  a  single  weight, 
B,  ils  parts  are  nevertheless  balanced.  Its  ad- 
vantages over  governors  of  Class  1  arc — a  lesser 
number  of  working  parts,  simpler  construction  and  less  friction.  An 
example  of  a  governor  of  this  class  the  Robb-Armatrong-Sweet  gover- 
nor (Fig.  309)  (>ee  Table  254). 


ie  Erie  cnjiDe 
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Fig.  303  aliows  a  governor  of  Class  3  which  has  a  nearly  balanc 
arm.  This  governor  is  of  the  Rit*»  type,  which  is  exteaaivelj 
the  United  States,  and  ia  designed  to  take  full  advantage  of  inet 


Flo.  303. — BlUa  soverno 

r.     (Thin  novcrnor  ia  no 

t  in  bala. 

ice  nor  i.  i «  wiit 

flywheel  may  b«  balanced  ■ 

ind  the  governor 

Trie  lino,  be  prevented  from  1 

si  a  dory  result*  it 

tlirlrn  be  obtained.) 

Fig.  291  is  an  example  of  a  governor  of  Class  4.    TV 
claimed  for  it  by  the  manufacturers  is  close  regulation  wit* 
a  dash-pot  to  prevent  hunting. 


Fins 
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Note. — Some  parts  of  the  following  text  is  based  on  material  from 
Shaft  Governors  by  Hubert  E.  Collins;  other  parts  are  based  on  data 
From  instruction  books  of  the  various  engine  manufacturers. 

263.  The  Two  Methods  Whereby  The  Engine  Valves  May 
fie  Controlled  By  A  Shaft  Governor  Through  The  Eccentric 
Or  The  Valve-Operating  Crank  Pin,  either  of  which  may  be 
employed  in  any  given  governor,  are  as  follows:  (1)  The 
eccentric  is  rotated  or  twisted  around  the  shaft.     Thereby  the 


P'Q.  304. — China  Engine  Mfi.  Co..  governor.  (Thie  governor  ia  used  on  luin-rrlrnainn 
t*'lie*.ir»l»e  arm, in™  to  control  the  poaition  of  the  eccentric  which  operate*  the  admiaeion 
v*'vr»  only      The  eihauat-Tilve-operxtina  ccncntrlc  remeina  fixed  in  poaition.) 

&t»gular  advance  is  changed  without  change  of  eccentricity 
or  throw.  (2)  The  eccentric  is  mounted  on  a  disc  or  plate 
tohich  is  swung  by  the  governor  action  across  the  center  of  the 
*haft.  Thereby  the  throw  and  angular  advance  of  the  eccen- 
tric are  both  changed,  the  object  in  the  design  being  to  have 
the  lead  of  the  valve  change  but  slightly  with  different  governor 
positions.  With  either  of  the  above  classes  of  valve  gear,  the 
governor  may  employ  any  of  the  weight  arrangements  specified 
ia  Sec.  252.  It  follows  that  the  weight  arrangement  of  a 
governor  does  not  determine  its  method  of  valve  control. 

Note. — A  Shaft  Govbbnoh  Of  Any  Type  Mat  Use  A  Crank  Pin  In 
Place  Of  Am  Eccuntbic.  When  the  governor  is  at  the  end  of  the  shaft, 
a  crank  pin  ia  usually  used.     When  the  shaft  continues  on  through  the 
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governor,  an  eccentric,  which  is  properly  slotted  to  permit  mov 
to  or  from  the  shaft  center  is  ordinarily  employed. 

Explanation. — The  Buckeye  governor  of  Fig.  316  is  an  exan 
Class  1.  The  eccentric,  C,  has  two  ears  which  are  connected  b; 
to  the  ends  of  the  levers,  M.  As  the  weights,  A,  are  thrown  < 
centrifugal  force,  the  eccentric  is  rotated  in  the  direction  indicatec 
angular  advance  is  thus  increased.  The  Fitchburg  governor  of  F 
is  an  example  of  Class  2;  the  eccentric,  A,  is  so  arranged  that  its 
and  angular  advance  are  both  varied,  see  Sees.  148  and  151,  gi 
practically  constant  valve  lead. 


254.  Table  Showing  Classification  Of  Shaft  Govei 


Manufacturer 


Governor  name 


Ames  Iron  Works. 


Brownell  Co 

Buckeye  Engine  Co 

Chandler  &  Taylor 

Chuse  Engine  Mfg.  Co. . 

Erie  Ball  Engine  Co., 
Ball  engine. 

Erie  Engine  Works,  Erie 
engine 

Fitchburg 

Harrisburg 

Hooven-Owens-Rentch- 
ler  Co.,  Hamilton  en- 
gine  

A.  L.  Ide  &  Sons,  Ideal 
engine 

Liddell  Co 

Nordberg 

Ridgway 

Skinner 

Troy 


Robb- Armstrong- 
Sweet 

Rites 

Buckeye 

Armstrong 

Chuse 

Robb- Armstrong- 
Sweet 

Hard  wick 
Fitchburg 
Fleming 


Special* 

Rites 

Armstrong 
Rites 
Special* 
Rites 
Skinner 
Rites 


Class  by 
weight 

arrange- 
ment, 

Sec.  252 


Of 

ecc 

an 

no 

Set 


310 

2 

,  306 

3 

316 

1 

311 

2 

304 

4 

•  •  • 

2 

301 

1 

320 

1 

314 

1 

321 

1 

•  •  • 

3 

312 

2 

306 

3 

•  •  • 

3 

308 

3 

291 

4 

307 

3 

*  These  two  governors  are  not  shaft  governors  according  to  the 
tion  in  Sec.  242,  but  are  in  a  class  by  themselves.     They  are  very  t 
to  shaft  governors,  however,  and  because  of  their  importance  ar 
included. 
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266.  Some  Effects  Of  Weight  Or  Spring  Adjustment  On 

Shaft-Governor  Operation  may  be  stated  as  follows:  The 

msitiveness  of  shaft  governors  and  the  speed  at  which  they  will 

regulate   depend    principally    on    the    following    conditions: 

(1)  Tension  of  springs.     (2)  The  distance  from  the  point  where 

fte  springs  are  attached  to  the  weight  or  lever  pivot.     (3)  The 

sensitiveness  of  the   springs — that  is,   the   distance   they  will 

foflectfor  a  given  increase  in  force.     (4)  The  angle  at  which  the 

spring  acts  to  the  direction  which  the  governor  arm  or  weight 

knd*  to  move.     (5)   The  mass  of  the  weight  which  produces 

centrifugal  force.     (6)  The  distance  of  the  center  of  gravity  of  the 

height  from  the  fulcrum.     (7)  The  angle  between  the  direction  in 

tokich  the  weight  tends  to  move  and  that  in  which  it  is  free  to 

*Mve.    Substituting  a  heavier  spring,  increasing  the  spring 

leverage,  or  shifting  the  spring  more  in  line  with  the  direction 

to  which  the  movable  end  of  the  spring  moves,  makes  the 

governor  less  sensitive.    Increasing  the  centrifugal  weight 

and  at  the  same  time  adjusting  the  spring  so  as  to  give  the 

**me  speed  makes  the  governor  more  sensitive — in  fact,  the 

governor  may  thus  be  made  unstable.    Small  changes  in  speed 

toay  be  made  by  changing  the  centrifugal  weight  or  spring 

tension  (whichever  is  recommended  by  the  manufacturer) 

without  any  other  apparent  effects. 
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Some    Troubles    Which    May    Be    Encountered    In 
ting  Any  Shaft  Governor  and    their   remedies  an   :<s 

:  (II   The  governor  in  sluggish.     Sluggishness  iu  shaft 

HI    usually   results   from   one  of  two  causes,     Either 

too  much  friction  or  the  governor  is  too  nearly  neutral 

ironous)  to  be  stable.     The  friction  may  be  in  the  dash- 

i.  u  I, in-  in  the  mechanism  as  explained  in  the  following 

If  the  dash-pot  resists  the  movement  of  the  governor 

h,  u  larger  hole  in  the  piston  or  larger  valve  opening 

inter  oil  will  remedy  the  trouble.     If  the  governor  baa 

ijustcd  fur  very  close  regulation,  it  may  lack  I  lie  puwer 

D-ga  Eta  position  promptly.     The  remedy  (Table  256) 

ncrca.se*  the  weight,  and  use  a  stronger  spring  so  that  the 

speed  is  obtained  or  to  increase  the  spring  leverage 

means   of  so  doing   is   provided.     Governors  of  the 

Armstrong-Sweet  type  (Sec.  263)  may  be  sluggish  when 

ed  for  too  much  regulation. 

The  governor  hunts.  This  may  be  due  to  very  close 
ion  with  a  free-moving  governor.  It  may  usually, 
these  conditions,  be  corrected  by  introducing  mure 
by  means  of  a  drag  spring  or  preferably  a  dash-pot. 
•d  action  cannol  be  secured  in  this  way,  the  governor 
be     adjusted     for     larger    regulation    as    explained 

The  nujine  speeds^  up   or  races.     The   spring   may   be 

tOO  tight  or  too  stiff  for  the  desired  speed.     The 

may  be  much  too  light  or,  in  the  Kites  type  (See.  260). 

rly   balanced  about   the  weight  pivot,     tinder  these 

iBB,  adjust  the  weight  and  spring  for  the  desired  speed, 


-Kacivk  I-   Must  FreqI  i-.vm.v  C  itluED  Bt  FHICTION  of  parts 

local  tumbles.     Then'  is,   however,  n  noticeable   difference 

Hnn-g cftustd  by  over-aiangitivcncsa  nrtoo  weak  spring-*- and  ihnt. 

»y  friction.     When    il    is   caused   by   spriiiK   tension   (ilunc,    ilic 

speed  will  be  mpid,  even,  and  within  n  certain  rongi        H  hen 

i_v  friction,   the  weights  will  slick   in   their  innei   p<)9 

■fan  i  toped  i-  so  high  ua  to  throw  them  out;  or.  when  the  engine 
jWld,  lliey  will  stick  where  the*,  are  until  tlie  »pe*d  is  reduc 
>r  the  Springs  U>  draw  them  buck  ii«iim.  Sorb  rhiuiicex  arv 
noise  when  I  he  ehangc  lakes  pbioo 
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258.  Most  Troubles  With  Shaft  Governors  Are  Due  To 
Some  Part  Of  The  Mechanism  Sticking  or  not  moving 
freely.     All    of    the    well-known    makes   of    modern    shaft 
governors,  regardless  of  their  class,  are  thoroughly  adjusted, 
tested,  regulated,  and  Bet  by  their  makers  usually  before  they 
are  shipped  from  the  factory.    Hence,  when  they  are  delivered 
to  the  operating  engineer,  they  should  regulate  within  the 
guaranteed  speed  range.    The  difficulties  which  arise  after 
the  governors  have  been  in  service  for  an  extended  period 
usually  are  due  to  wear  or  to  an  Accidental  cause,  and  usuallj 
can  be  remedied  readily.    After  a  governor  has  been  perfected 
and  has  run  satisfactorily,  there  is  no  reason  why  it  cannot 
be  restored  to  its  original  condition.     Often  the  trouble  is    * 
slight  one,  so  small  as  to  be  overlooked. 


Examples. — An  engineer  may,  with  a  spanner  wrench,  give  the  valve' 
rod  gland  a  half  turn  to  tighten  it  up;  this  may  cause  the  engine  tc 
run  away.  An  engine  having  a  Sweet  governor  (Kg.  305)  may  race  if  » 
single  very  small  grain  of  gravel,  G,  gets  between  the  band  which  connects 
the  spring  and  the  weight  arm  and  the  weight  arm  itself.  Again,  a  cap 
which  pinches  on  one  of  the  fulcrum-pins  or  a  slight  burr  on  a  valve-rod 
has  caused  trouble  in  a  governor.  The  slightest  thing  should  not  be 
overlooked.  Dry  pins  often  cause  trouble.  Hence  a  governor  should 
be  oiled  as  regularly  as  any  other  part  of  the  engine.  About  once  a 
month,  when  the  engine  is  operating  continually  in  a  dirty  atmosphere, 
all  pins  and  bearings  should  be  taken  apart  and  cleaned. 

When  a  search  for  trouble  begins,  nothinr  '  '  '  be  neglected  from 
the  governor  eccentric  to  the  farthest  edf  ve  in  the  valve 


r 
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chest.  Disconnect  the  eccentric  rods  from  the  governor  eccentric 
and  remove  or  release  the  spring  or  springs  from  the  weight  arm  or 
arnos.  Then  move  the  weight  arms  in  and  out  from  inner  to  outer 
positions.  Most  of  the  shaft  governors  on  engines  from  5  h.p.  to  1,000 
h.p>.  are  so  counterbalanced  that,  when  thus  dismantled,  one  man 
should  with  the  smaller  engines  be  able  to  easily  move  the  parts  in  and 
ovi  t  with  one  hand.  On  the  larger  engines,  he  should  be  able  to  do  this 
with  both  hands  but  he  should  never  use  a  bar  of  any  kind. 

If  the  weight  arms  do  not  move  with  sufficient  freedom  to  permit  this, 
the  trouble  is  probably  caused  by  dry  or  cut  pins,  pinching  caps,  bent 
rods  or  links  which  make  the  pins  bind,  pinching  or  dry  eccentric  straps, 
&*"  the  eccentric  binding  (in  some  instances  between  a  bearing  and 
go^vernor-wheel  hub).     Or  sometimes  gummed  oil  and  grit  cause  it. 

.If  the  governor  is  free  and  in  perfect  condition,  disconnect  the  valves 
f*"»m  the  rockers  or  valve-rod  slides,  as  the  case  may  be.  Then  look  for 
d  i~^  surface  of  pins  or  bearings  or  slides,  bent  rods  and  other  like  condi- 
tio us.  This  done,  see  that  the  valve  stems  are  straight  and  true,  and  in 
li*~i «  with  their  connections;  also  that  their  bearings  do  not  bind  and  are  not 
dx"y.  See  whether  they  are  burred  or  are  worn  so  small  in  the  stuffing 
^°s  that  the  packing  when  pulled  tight  binds  the  stems.  Note  whether 
**  ^  packing  is  old  and  dry. 

XiOok  into  the  steam  chest.  See  if  the  valve  is  set  properly  and  if  it 
"^^ks  or  if  the  pressure-plate  binds.  Often  an  engineer  forgets  that 
I*  *^oper  valve  setting  (see  Div.  4)  is  as  essential  as  it  is  to  have  the  governor 
**^«  and  well  lubricated. 

^ote. — Greases  And  Lubricants  Which  Dry  Out  And  Leave 

*-*  ^posits  Should  Be  Carefully  Avoided  For  Shaft  Governors. 

^    thin  grease,  the  consistency  of  vaseline,  is  preferable  for  the  roller 

^^sirings  and  pins.     Cylinder  oil  is  satisfactory  for  the  smaller  pivots. 

■*^he  roller  bearings  should  preferably  be  examined,  cleaned  and  oiled 

Monthly. 

259.  In  Adjusting  Shaft  Governors,  the  engineer  should  first 
make  sure  that  the  main  pin  or  pins  and  their  bushings  are  free 
and  properly  lubricated,  and  that  the  valve  is  properly  set  and 
runs  freely.  If  the  arm  is  heavy  enough  to  drive  the  valve,  sec 
whether  the  desired  governing  effect  can  be  produced  by 
adjusting  the  spring.  Avoid  adding  unnecessary  weights 
and  the  consequent  overstraining  of  springs,  bushings  and 
pins. 

Note. — It  May  Be  Necessary  To  Adjust  The  Shaft  Governor 
With  No  Other  Data  Than  That  Which  Becomes  Available  From 
Watching  The  Electrical  Switchboard  Meters,  while  the  engine  is 
running  in  service.    The  proper  remedy  for  the  apparent  fault  may  bo 
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applied  on  tho  occasion  of  the  next  shut-down.  It  may  take  an  hour  a 
careful  watching  of  the  switchboard  instruments  to  determine  the  real 
action  of  the  governor.  The  only  certain  procedure  is  to  wait  for  the  load 
to  so  change  that  the  symptom  for  which  one  is  watching  will  be  shown. 
That  is,  the  load  should  remain  constant  long  enough  to  give  the  engine 
time  to  attain  a  constant  speed.  The  observations  should  be  repeated 
until  the  exact  constant  speeds  under  several  different  loads  are 
ascertained. 

Note. — A  Common  Cause  Op  Complaint  With  Shaft  Governors 
Ih  Hammering  of  the  weighted  arm  on  the  stops  in  starting  or  shutting 
down  the  engine.  This  can  often  be  overcome  on  a  Rites  type  governor 
by  moving  the  attached  weights  and  noting  whether  hammering  is 
increased  of  diminished.  Usually  the  proper  change  is  to  add  weight  on 
the  spring  side  of  the  arm  and  to  increase  the  spring  tension,  though  it 
may  be  necessary  to  add  weight  at  both  ends.  It  is  a  peculiar  fact  that 
friction  in  the  valve  gear  operates  to  help  the  governor  spring  so  that 
an  engine  may  be  speeded  up  several  revolutions  by  excessively  tight 
valve-stem  packing  or  any  similarly  acting  cause.  It  is  well  to  look 
over  the  valve  motion  as  a  possible  cause  of  any  unaccountable  change 
of  s|khh1.  If  a  brake  or  drag  spring  is  used  on  the  governor  the  friction 
may  be  increased  to  prevent  hammering;  but  if  it  is  set  up  too  tightly,  it 
may  cause  continual  changes  of  speed  through  its  action  in  checking  tl** 
governor  arm  as  it  swings  out  or  in,  and  so  prevent  the  arm  from  floating 
gradually  to  the  proper  position. 

260.  The  Rites  Governor  Is  Used  By  A  Number  Of  Different 
Engine  Manufacturers:  see  Table  254.  The  action  of  th.i* 
governor  wa<  explained  in  See.  247.  In  practice,  as  the  loa*<3 
increases,  this  governor  visually  changes  not  only  the  throw  of 
the  eccentric  hut  also  its  angular  advance.  Thus,  the  poinds 
of  compression  and  cut-off  are  advanced  but  the  lead  remairxs 
practically  constant.  The  movement  of  the  governor  is 
much  exaggerated  in  Figs.  20o  to  29$.  The  actual  layout  is 
shown  in  Fig,  IUH>.  The  Rites  governor  as  used  on  the  Troy 
vcrtica!  engine  is  shown  in  Fig.  307.  and  on  the  Ridgway engine 
m  Fie   "W>. 

'261.  Rites  Governors  Are  Sometimes  Provided  WithDa&li- 
Pots  Or  Drag  Springs  For  Limiting  The  Rate  Of  Movement 
The  da<h-;v:    <:     F:g.  30S\  is  filled  with  oil  for  side-crani 
cv.g'.v.o  ;•;-.,;  w.::\  :.w  \k  oer  "      «pne&    A  plug  having 

:iv.   e:vv.:rc   ^.    -.^^'.vr  s'  \  the  bottom  of  the 

v    vcu  *    A  by-pass 


i  »  >  >  v    \  »       i    v     . 


;>rw  \  dash-pots. 


fl«      WO  — W-out  Of  Jf.it.-n  WW 

1  r  Tlir  Lwntioni  «l  the  osnlRi  of 
""ill  b  .1  »nd  fl  iimy  b<-  «Li(i«i  by 
"''■in*  im-nl.lc  Hi-icht.,  to  or  rrmov- 


i  (rje  oil  dash-pots  and  should  therefore  be  closelj 
bed  and  lubricated  with  cylinder  oil.     l);isli-pnt-  11 
fur  greater  or  less  promptness  us  explaint 
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2'A'A,  Div.  (i.  The  drag  spring,  £  (Fig.  307),  introduces  mechan- 
ical friction  to  prevent  too  much  movement  of  the  governor. 
There  is  ordinarily  sufficient  vibration  of  the  engine  to  prevent 
such  springs  from  making  the  governor  bind  when  in  the 
wrong  position. 

262.  Some  Special  Adjustments  Of  The  Rites  Governor 
(Fig.  306)  are  as  follows:  (1)  Shifting  the  movable  weights, 
which  are  frequently  provided,  from  W  to  X  or  from  Y  to  Z 
increases  the  weight  leverage;  eee  Table  256.  (2)  Shifting 
movable  weights  from  B  to  A  increases  the  centrifugal  weight. 
Removing  weights  from  positions  B,  W  or  Y  has  an  effect 
similar  to  that  of  adding  them  at  Z,  A  or  X.  Shifting  the 
spring  pivot,  S,  farther  from  the  governor  pivot,  G,  decrease* 
the  sensitiveness. 

263.  The    Robfa  -Armstrong-Sweet    Governor,    which      1? 
used  by  many  manufacturers  (see  Table  254),  is  shown.     " 


.-D^KTIonVf 


Figs.  309  to  313.     This  governor  is  placed  in  the  second  class 
in  Sees.  252  and  253.     The  weight,  W,  is  fastened  directly  to 
the  spring,  S,  which  is  secured  to  the  flywheel  rim,  F ,  or  spoke. 
The  tension  on  the  spring  is  changed  by  taking  up  or  slackening 
the  tension-studs,  B.     The  eccentric  arm,  A,  IB  pivoted  htP, 
moving  the  eccentric  or  eccentric  pin,  R,  ^MBfeMmtb?  ^J 
travel  of  the  valve  and  the  point  of  * 
is  actuated  by  the  spring  by  means 
which  can  be  changed  in  its  posit" 
any  ono  of  the  scries  of  holes  bV 
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d,  give  more  tension  nn  the  spring,      To  dam  a 

i  on  the s|iriziK.      Tii  ijii  ■■!■:■« i-  n ■jnliilinn  and  sensitiveness, 
'  be  eccentric  lever  closer  (o  tile  shaft  center.     To 


5frjry  fcwin  Adjustment 
for         *-  Dif«r<*Tt  s,wi 


'.   mill  diiggith,  ii'i'l  prmiii  riiriiiv.  nwivc  the  pin,  J",',  closer 
i  of  Ihc  wheel.     No  change  of  weight  is  provided  for,  ns  the 

(rated  adjustments  unconsidered  by  the  makers  to  be  sufficient 
II  requirements. 


Ti.j.    ;na— Sectionml    v\f 


Principal  Adjustments  Of  The  Fleming-Harris- 
irnor  (Fig.  314)  in  their  recommended  order 
or  less  spi'cd,  iiirn'ii.sr  or  i],rivi<"-   " 
itrifugu!  (larger)  weight  pockoUU 
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them  equal  in  the  two  larger  weight  pockets.  (2)  If  more 
speed  adjustment  is  required,  vary  the  spring  tension.  ($) 
For  more  sensitiveness,  shift  the  traversing  blocks,  B,  in  the 


slots  farther  from  the  centrifugal  weights.     For  less  sensitiv  — 
ness — more  stability — shift  the  blocks  closer  to  the  centrifugr* 

weights. 


266.  The  American-Ball  Engine  Governor  (Fig.  315)  is  of 
■lass  4,  Sec.  252.  The  advantage  uf  the  two  springs,  D  and  C, 
s  that  there  is  little  bowing  outward  of  the  springs  with  con- 


'filugul   force    with   this   spring  arrangement.     If  spring  C 

led,  ami  spring  D  tightened,  the  governor  will  !»■ 

bcr  nantive.     If  both  are  tightened  at  once  by  nut  F, 

.il  be  increased. 

2K.  The  Buckeye  Governor  (Fig.  316))  has  several  unique 

'"tfiircs.    It  controls  only  the  cut-off  eccentric.    The  Buckeye 

""o/ii-  is  fitted  with  a  fixed  eccentric  which  controls  the  other 


l)l£  namely,  release,  cnmpivssiun  Mini  admission. 
'he  governor  changes  only  the  point  of  cut-off.  This  governor 
"  banges  only  the  angular  advance  of  the  eccentric.  The  travel 
Of  the  valve  therefore  remains  constant.  An  advantage  claimed 
fur  this  method  of  governing  is  that  the  valve  which  has  a 
i  travel  wears  the  valve  seat  evenly.  If  the  valve 
travel  is  less  under  light  than  under  heavy  loads,  shoulders 
may  be  worn  on  the  seal  :il  I  lie  cuds  of  the  valve  travel  when 
e  engine  is  ruuriiiiE  under  light  load.  The  valve  w 
■    shoulders  when  (in  e\tra  load  is  put  on  the 
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Explanation. — The  weights,  A  (Fig.  316),  are  mounted  on  we 
arms,  M ,  which  are  pivoted  at  N.  The  links,  B,  connect  the  wo 
arm  ends  to  the  ears  of  the  eccentric,  C  When  the  weights,  A, 
moved  outward  by  centrifugal  force  against  the  tension  of  spring 
the  eccentric  may  be  turned  a  maximum  of  90  deg.  around  the  8 
as  a  center.  Springs,  F,  are  fastened  to  arms,  M,  by  means  of  sp 
clips,  D,  which  may  be  adjusted  on  the  arms  to  increase  the  leve 
of  the  spring  and  thereby  increase  its  effective  strength.  Theo 
ends  of  the  springs  are  connected  to  the  rim  of  the  flywheel  by  ten 
screws,  S,  by  which  the  tension  of  the  springs  may  be  varied, 
auxiliary  leaf  springs,  P,  act  against  the  spring  studs,  T,  and  1 
the  effect  of  increasing  the  spring  tension  near  the  minimum-*! 
position.  The  rollers,  G,  prevent  the  springs  from  bowing  out* 
due  to  centrifugal  force,  at  speeds  of  250  r.p.m.  or  more. 

Note. — Some  Special  Troubles  Of  The  Buckets  Governor  . 
Their  Remedies  are;  see  Fig.  316.    Auxiliary  springs,  P,  too  weak. 
performance  when  these  springs  are  too  weak  will  be  the  same  in  1 

as  though  they  were  absent  entii 
though  more  moderate  in  def 
On  starting,  the  engine  will  run  al 
its  proper  speed  before  the  levers 
will  expand.  Then  they  will  fly 
violently.  Stable  regulation  wil 
possible  only  with  loads  so  ligb 
to  regulate  at  one-fourth  stroke 
off  or  earlier.  That  is,  stable  ref 
tion  can  be  obtained  only  with  1 
such  as  require  the  levers  to  acta 
in  the  outer  half  of  their  rang 
movement.  At  heavier  loads, 
governor  will  race  continually.  The  effective  strength  of  the  auxili 
may  bo  increased  by  lengthening  the  spring  stud  as  from  V  to  X  (Fig.! 
Auxiliary  springs,  P,  Uh>  strong.  On  starting  up,  the  levers  will  i 
out  at  noticeably  less  than  rated  speed  and  expand  gradually  as  the  s 
increases  till  the  limit  of  the  follow  of  the  auxiliary  springs  is  reac 
Then,  if  they  are  much  too  strong,  the  expanding  movement  will  tei 
rarily  cease  until  normal  speed  is  reached,  when  they  will  finish 
expansion  with  proper  promptness.  The  regulation  will  be  the  san 
in  the  previous  case  when  the  load  was  too  light  to  bring  the  auxi 
springs  into  action.  Hut,  with  heavier  loads,  the  speed  will  be  sic 
proportion  to  the  undue  strength  of  the  springs.  At  maximum  load, 
is.  just  sufficient  load  to  bring  the  levers  to  their  inner  stops,  the  fi 
will  be  reduced  to  about  what  was  required  to  start  them  out.  I 
of  the  foregoing  cases,  the  tension  of  the  main  springs  was  assumed 
what  it  should  be  with  the  auxiliaries  at  their  best  adjustment, 
tension  of  the  main  springs  which  may  l>e  carried,  without  racing  at 
It  vie/,  is  :i  /ways  less  t  han  w  ill  be  rex\vn  "tliary  springs  are  apj 


Weight 


Flu.  317. — Adjustable  Hpring  stud  for 
auxiliary  nprinjtn  of  Buckeye  governor. 
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367.  The  Mcintosh  &  Seymour  Engine  Governor  (Figs. 
I  I'D  is  itself  balanced  and  its  flywheel  is  in  continual 
Like    the    Buckeye  governor,   it   controls  a  cut-off 


eccentric  only  by  varying  its  angle  of  advance.  The  weights, 
Ci  ire  deflected  outward  by  centrifugal  force  against  the 
'"i-imi  (if  (lie  leaf  spring,  -1.     The  governor  may  bo  adjusted 


:   spring  tension  at  B  and  for  greater  centrifugal 
:ht  by  adding  lead  weights  to  the  pockets,  C\     The  raanu- 

i.i  this  engine  and  governor  has  been  discontinue* 
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268.  The  Fitchburg  Governor  (Fig.  320)  employs  two 
weights,  HH,  which  are  balanced  with  the  other  governor 
parts,  and  moves  the  eccentric  in  a  straight  line,  thereby 
varying  its  throw.  For  the  larger  engines,  the  governor  is 
mounted  within  a  wheel-like  casting,  called  a  governor  cum, 
which  is  clamped  to  the  engine  shaft. 

Note. — In  Setting  The  Fitchbuko  Governor,  the  location  of  the 
governor  esse,  K  (or  flywheel  when  the  governor  is  mounted  within  a 
flywheel),  is  determined  by  placing  the  engine  on  one  dead  center  and 
rolling  the  case  around  the  shaft  until  the  offset,  0,  of  the  eccentric 


Fia.  320.— Fileh  burg  governor.     (The  legend  "Crank  Pin"  means  that  the  erank  pi"    * 
Wated  in  the  p.xition  indicated  by  the  arrow.     The  crank  pin  in  not  ahown.) 

is  on  the  opposite  side  of  the  shaft  from  the  crank-pin.  Then  roll  **■ 
carefully  into  such  a  position  (hut  when  (with  the  springs  remove*** 
(he  eccentric,  A,  is  thrown  back  and  forth  across  the  shaft,  no  eB" 
motion  is  given  to  the  vulve  rod.  At  this  place  tighten  the  governor" 
case  firmly  upon  (he  shaft.  Turn  the  engine  to  the  opposite  dead 
center,  and  again  move  the  eccentric  back  and  forth  across  the  shaft. 
If  there  is  at  this  end  any  end  motion  to  the  valve  rod,  change  the 
position  of  (he  governor  case  on  the  shaft  enough  (o  make  the  motion 
just  half  as  much,  then  fasten  the  governor  case  firmly  in  this  final 
position  by  drilling  into  the  shaft  for  the  point  of  the  set  screw  and 
(hen  tightening  the  clamp-bolts  to  place  solidly.  Put  in  the  springs,  C, 
and  tighten  them  until  the  engine  operates  at  the  proper  speed.  Be  sure 
to  tighten  up  the  springs  that  go  through  the  counterbalance  which  hangs 
nearest  the  pin  B  (when  the  governor  is  at  rest)  about  three-fourths 
of  an  inch  more  than  the  springs  on  '  :de. 
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W-When  It  Is  DusiKEn  To  Change  The  Direction-  Oi  Kuta- 

i  rrcHBUBG  Engine,  «  new  eccentric  must  be  procured  from 

"■fag  tnd  pill  <m  in  jiliicc  i if  itu;  imii'  mi  ill.'  K"vcrnor.      Tile  etuis  <ii 

wtnltawhirh  connect  tin;  weigh  I  iirins  inn*?  he  el  in  need  on  tin unlcr- 

idit-arm    end,   lo   the  holes  opposite   to   those  which   they 
i  (lie  old  eccentric  was  used. 

269.  The  Governing  Mechanism  Of  The  Hamilton  Uniflow 
Enpne  is  shown  in  Figa.  321  to  323.     Centrifugal  force  is 

'Moped  in  two  flat  curved  weights,  W  (Fig.  322),  which  arc 


voted  at  /'.     These  deflect  outward,  rotating  tin- eccentric 

/,',   through  the  geared  sectors,.  (A     The  rotation 

tin-  i  cc.'iitrie  is  opposed  by  the  spring  S,  through  the  arm, 

[Fig.  323).     The  tension  on  the  spring,  S,  may  be  adjusted 

governor  is  al  rest,  by  the  screw,  N.     This  tension 

ly  also  be  adjusted  when  the  engine  is  running  by  means  of 

hand  wheel,  /,  (Fig.  321).     This  wheel  is  mounted  on  :t 

ttir-tbreaded  sleeve  which  forces  tin'  wedge,  /.'.  against  the 

,  when  I,  is  turned.     The  movement  of  N  '\a  coin- 

i  to  spring  S,  through  the  spring-tiiomiling  lever.  .1/. 
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By  thus  changing  the  spring  tension,  the  speed  at  which  tli^ 
governor  controls  the  engine  may  be  changed. 


270.  Setting  The  Valves  Of  An  Automatic  Engine  consifi*-* 
mainly  in  adjusting  the  length  of  the  valve  stem.  ShaJf ' 
governors  are  nearly  always  keyed  to  the  shaft  and  so  th»-* 
position  of  the  governor  is  fixed  and  determines  the  position 


of  the  eccentric.     If  it  is  desired  to  change  a  shaft  governor" 
for  greater  or  less  equal  lead  (see  Sec.  174)  a  new  keyway  must 
be   cut.     The   valve  travel   of  an  automatic  engine  usually 
varies  with  the  load  and  is  determined  by  adjustment  of  the 
governor.    Directions  for  val"  ■«  given  in  Div.  4. 
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M  Fig.  324  illustrates  the  method  of  blocking  a  flywheel  governor 

■  when  the  valves  are  being  set. 

I  QUESTIONS  ON  DIVISION  7 

■  L  What  it  a  shaft  lovcrnor?     An  automatic  engine? 

I      1  How  does  the  governing  action  of  a  shaft  governor  and  slide  valve  differ  in  economy 

■  fan  that  of  a  throttling  governor?     From  that  of  a  fly-ball-go verncd  Corliss  releasing 

■  wrr 

■  1  Why  niigi  a  §haft  governor  exert  more  force  for  a  given  service  than  must  a  fly-ball 

■  minor? 

■  1  Explain  by  a  sketch  the  action  of  a  shaft  governor  which  is  affected  by  centrifugal 
V   ***  tlooe.    Why  must  some  speed  change  occur  in  order  that  a  centrifugal  governor 

■  "V  operate? 

■  *»  What  is  the  principle  of  inertia?  How  is  it  employed  in  shaft  governors?  Why 
I    **Aot  inertia  be  used  in  a  shaft  governor  as  the  only  governing  force? 

I  t»  Explain  how  inertia  and  centrifugal  force  conic  into  play  in  inertiu  governors. 
I  "ay  is  it  more  necessary  to  employ  inertia  in  shaft  governors  than  in  fly-bull  governors? 
I        ?.  What  difficulties  are  encountered  in  reversing  shaft-governed  engines?     Why  must 

***  flywheel  usually  be  rebalanced  after  a  governor  has  been  reversed? 
&  When  is  a  shaft  governor  said  to  be  balanced?     Its  flywheel?     When  in  continual 

■*laj>ce? 

«•  Explain  how  the  balance  of  a  flywheel  may  be  restored. 

*•»  Name  four  classes  of  governor  weight  arrangement  and  name  a  manufacturer  of 
•^waors  of  each  class. 

U*  What  are  the  two  methods  of  valve  control  through  the  eccentric?     Name  a 
*°**Bor  which  uses  each  method. 

It,  Which  of  the  above  methods  of  valve  control  is  largely  used  with  simple  slide- 
r's automatic  engines? 

*■•  What  are  the  principal  methods  of  changing  the  speed  of  a  shaft-governed  engine? 

**■  How  may  the  sensitiveness  of  a  governor  be  decreased  when  there  is  no  means  of 

•""ting  the  spring  leverage? 
q**»  What  is  one  cause  of  excessive  hunting  of  a  shaft  governor?     Of  sluggishness? 

**cing?    Give  one  remedy  for  each. 
I      *•  What  is  the  most  common  source  of  trouble  with  shaft  governors?     How  may  this 
^ble  be  located  in  the  various  parts  of  the  governor  mechanism? 
*••  What  lubricant  is  satisfactory  for  governor  roller  bearings?     For  smaller  governor 

^Ots? 

.*%»  How  may  data  be  obtained,  in  steam-engine-driven  electric-power  generating 

lions,  for  governor  adjustment? 
I  *%.  What  causes  a  governor  to  hammer  against  the  stops  when  starting  or  stopping? 
**%  may  this  trouble  be  sometimes  corrected  in  a  Rites  governor? 
^Q.  Explain  by  a  sketch  the  effects  of  shifting  weights  from  one  purt  of  n  Kites  gov- 
^**>r  to  another. 
^1.  Name  two  adjustments  of  the  Robb-Armstrong-Scwct  governor. 
^2.  Name  three  adjustments  of  the  Fleming  governor. 

%S.  What  is  the  advantage  of  the  spring  arrangement  of  the  American- Hall  engine 

^Vernor?    How  may  this  arrangement  be  used  to  vary  the  sensitiveness  of  the  governor? 

34.  Explain  the  action  of  the  auxiliary  springs  of  the  Huekeye  governor.     What  is  the 

^*«1  effect  if  they  are  too  weak?     What  if  they  are  too  strong?     How  may  their  effective 

ktr*ngth  be  increased? 

1§.  What  is  the  governor  cate  of  a  Fitehburg  engine?     Explain  how  to  set  the  governor 
on  the  shaft. 
I.  Explain  a  simple  method  of  setting  the  slide  valve  of  an  automatic  engine. 
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DIVISION  8 
COMPOUND  AND  MULTI-EXPANSION  ENGINES 

271.  Compound  And  Multi-Expansion  Engines  (Fig.  325) 
are  widely  used  where  the  nature  of  the  load  requires  the  use  of 
reciprocating  engines  and  where  better  economies  are  desired 
than  can  be  obtained  with  simple  engines.     Compound  engines 
range  in  capacity  mainly  from  50  to  4,000  h.p.     For  mar- 
ine service  and  for  driving  machinery  in  mills,  compound 
and  multi-expansion  engines  find  extensive  application.     For 
electric  power  generation,  the  turbine  is  gradually  replacing 
the  compound  engine  because  of  the  turbine's  lower  first  cost 
and  more  compact  form;  and,  under  many  conditions  (Sec. 
299),  its  better  economies.     Also  the  use  of  the  turbine  for 
marine  service  is  increasing.     Where  fuel  is  very  cheap,  as  in  «l 
saw-mill,  or  where  there  is  use  for  the  exhaust  steam  for  heaA- 
ing  or  industrial  purposes,  a  simple  engine  is  usually  preferr^^ 
to  a  compound  one  because  of  its  lower  first  cost;  the  econorm.^ 
of  tlu»  engine  then  being  a  secondary  consideration. 

Note. — For  Definition*  Of  The  Compound  Engine  and  classificatE  ^ 
with  respect  to  cylinder  arrangement,  set*  Sees.  34  to  40. 

272.  The  Compound  Engine  Usually  Operates  Throu^S 
Large  Temperature  And  Pressure  Ranges. — The  temperate 
or  pressure  ran  ye  of  an  engine  is  understood  to  mean  the  differ 
once  between  the  highest  and  lowest  temperatures  or  pressure  ^ 
of  the  steam  within  the  engine  cylinders.  Compound  engin  ^ 
are  commonly  operated  condensing  at  150  to  200  lb.  per  s-^ 
in.  boiler  pressure  and  sometimes,  if  the  valves  are  proper  ^- 
designed,  on  superheated  steam.  Nothing  is  gained  by  usir»/ 
a  compound  engine  for  service  where  the  temperature  art^ 
pressure  range  is  small.  That  is.  for  a  boiler  pressure  of  lOv 
lb.  per  sq.  in.  and  a  hack  pressure  oi  o  lb.  per  sq.  in.  gage,  iY*e 
economies  oi  the  simple  and  compound  engines  would  be  so 

Z5S 
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nearly  equal  that  the  additional  first  cost  of  the  compound* 
engine  would,  probably,  not  ,be  justified.  "In  general0 ft 
(Gebhardt),  "compounding  increases  the  steam  economy  at  1' 
rated  load  10  to  25  per  cent,  for  non-condensing  and  from  15  to  r 
40  per  cent,  for  condensing  operation."  At  fractional  loads  t 
the  saving  in  steam  due  to  compounding  is  smaller;  in  fact,  1 
a  compound  engine  may,  at  light  load,  use  more  steam  than  a  1 
simple  engine  would  use  at  the  same  load.  I 

Note. — The  Saving  Shown  By  The  Compound  Engine  Over  The  1 
Simple  Engine  Is  Greater  At  Higher  Boiler  Pressures.  A  certain  I 
triple  expansion  condensing  engine  is  credited  with  a  consumption  of  but  I 
11.23  lb.  of  saturated  steam  per  i.h.p.  hr.  at  257  lb.  per  sq.  in.  pressure;  I 
whereas  the  consumption  of  simple  non-condensing,  single-valve  engines  J 
is  usually  about  30  to  35  lb.  of  steam  per  i.h.p.  hr. 

273.  The  Principal  Advantages  Of  The  Compound  Or 
Multi-Expansion  Engine  Over  The  Simple  Engine  having  the 
same  total  ratio  of  expansion  (see  note  below)  and  power  out- 
put may  be  enumerated  as  follows;  each  is  discussed  in  a 
succeeding  section:  (1)  Reduced  cylinder  condensation  because 
of  the  lesser  temperature  range  in  each  cylinder  (Sec.  274). 
(2)  Reduced  leakage  loss  partly  due  to  the  lesser  pressure  differ- 
ence in  the  two  ends  or  each  cylinder.  That  is,  the  "net 
pressure"  on  each  piston  is  reduced  by  compounding  (Sec. 
275).  (3)  Higher  mechanical  efficiency  because  the  ratio  of  the 
maximum  to  the  mean  effective  pressure  in  each  of  the  cylin- 
ders is  greatly  reduced.  This  ratio  is  usually  from  40  to  70 
per  cent,  of  what  it  would  be  were  the  same  total  ratio  of 
expansion  employed  in  a  simple  engine  (Sec.  276).  (4)  More 
even  torque  when  cross  compound  engines  are  used  with  their 
cranks  set  at  90  deg.  or  120  deg.  apart  (Sec.  277).  The 
important  disadvantages  of  the  compound  or  multi-expansion 
engine  are  its  greater  first  cost,  its  greater  complexity  and  the 
largo  amount  of  room  which  it  requires. 

Note. — The  Ratio  Of  Expansion  is  the  final  volume  of  the  steam  at 
release  divided  by  its  original  volume  at  cut-oft*.  In  a  compound  engine, 
the  final  volume  at  release  is  in  the  low-pressure  cylinder  and  the  origin^ 
volume  at  cut-oft"  is  in  the  high-pressure  cylinder. 

Note. — Torque  is  the  stress  on  a  body  which  tends  to  cause  it  or 
causes  it  to  turn.     Torque  is  conveniently  measured  in  pound 
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1  inch  of  torque  is  exerted  by  n  force  of  one  pound  acting  at  a 
m  of  one  inch.  The  torque  exerted  in  Fig.  326  by  the  connecting  rod 
he  crank  shaft  is  500  X  14  -  7,000  (6.  in. 

temple. — Assume  that  a  compound  engine  has  a  high-pressure 
t  clearance  of  6  per  cent,  and  a  displacement  volume  of  2.D  cu.  ft., 
e  off  at  0,32  of  its  stroke.  The  low-pressure  cylinder  tins  a  dis- 
inl  and  clearance  volume  of  11, S  cu.  ft.  total.  What  is  (lie  ratio 
The  boiler  pressure  is  176  lb.  per  so.  in.  aha.  Assuming 
t  release  occurs  at  the  end  of  the  stroke  what  is  the  pressure  at  release 
the  low-pressure  cylinder?  Assume 
t  the  expansion  is  hyperbolic— that 
the  absolute  pressure  varies  inversely 
■!■'■  rolutne. 

(oLL-TtrtN. — The  volume  of  the  atoam 
oot-off  is  0.32  of  the  displacement 
uiiic    plus    the    clearance.     That    is, 
32  X  2  9)  -f  (0.06  X  2.9)  =  1.103  en. 
Then    the  rutin  of  expansion  =  11.8 
1.102  =  10,7.     If  the  absolute  pres- 
e  varies  inversely  as  the  volume,  the      Flo,  MB.— llluitntiuc   torque  or 
>l  pressure  at  10.7  limes  the  original      '"™"«  moment  nertcd  in  an  cu- 
ume  is   176  ■*■  10.7  =  16.4  lb.  per  sq.      ^ntrno  ' 
aft*.     The  final  pressure  at  release  is  always  somewhat  different  in 
nice  than  the  value  thus  calculated. 

174.  How  The  Compound  Engine  Avoids  Excessive  Cylinder 
idensation  When  Employing  Large  Temperature  And 
■ssure  Ranges  may  be  understood  by  reference  to  Figs.  327, 

and  329.  The  phenomena  of  cylinder  condensation  is 
cribed  below.  As  explained  in  the  author's  Practical 
at  under  "Gas  And  Vapor  Cyeles,"  the  larger  the  steam 
iperature  and  pressure  range  through  which  the  engine 
rates,  the  greater  will  be  its  possible  thermal  efficiency 
vHul  Ihe  steam  is  used  economically.  But,  if  a  simple 
jlc-valve  engine  were  used  with  a  large  temperature  range, 
re  would  be  so  much  cylinder  condensation  that,  the  high 
sible  efficiency  would  not  be  even  approximately  realized, 
in  engine  cylinder  i.s  properly  lagged  (insulated),  there  is 
le  cylinder  condensation  due  to  radiation — it  is  nearly  *J] 

bo  the  behavior  of  the  steam  during  the  stroke  as  explained 


ixrt.AN.wiuN.—  In  the  single-vnive  engine  (Fig   11271  the  HteatD  porta, 
a  aJteniMi.lv    filled    "it!  f-*'*Vm  nJ"i  exhaust  steam.     (The 
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following  temperatures  are  taken  from  a  steam  table.)    The  exhaust 
steam  at  120  deg.  falir. — 26.5  in.  of  mercury  vacuum — must  pan  out 


lire  Steam  6  Cooled  Through  - 
Mi/vr  HBJt  Bu  Ethavsf  Stca. 


ernture  Rang.  ■  358'-ITO".lja' 


Fio.  327— Shim 


through  the  same  ports  through  which  the  live  steam  enters  at  868  OW 
fahr.— 135  lb.  per  sq.  in.  gage  pressure.    It  is  evident  that  thcw»ll»ol 


I  In1  [MirlM  an  well  an  thnsiMif  the  cylinder  arc  alternately  heated  and  cooled. 
They  an-  heated  hy  the  live  steam  which  then  condenses  on  them,  and 
coded  by  the  rp-e  vn  porn  t  ion  of  this  condensed  steam  when  the  pressure 
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in!       SOme  i  if  the  strain.  I.y  lliu.-:  r'ondeiiMtiKitnd  re-evaporating 

im  through  ilu'  cylindei  without  doing  work.  In  the  mmple  four- 
ihvMigine  ("Fig  828},  the  steam  alternately  heats  and  cools  (lie  cylinder 
'illi  but  Ihc  valves  and  ports  remain  at  a  fairly  const&nl  tentpentUM. 
Him  the  four-valve  engine  avoids  some  "f  the  cylinder  condensation 
rhich  t.ikos  place  in  the  single-valve  engine  hecnuse  1  he  steam  pttttgM 
.  h  themselves  are  not  heated  and  oooled.  Furthermore,  i  he 
ilwiiat  j  r  en  in  in  the  clearance  space  of  the  simple  engines  of  Figs.  327 
■  •  '.'.iiL  (In  incoming  live  steam,  and  thus,  condenses  a  portion 
I  Imp  live  stenm. 

In  i! impound  engine  (Fig.  329),  the  exhaust  from  the  low-pressure 

Ilk-s  not  eonie  in  contact  at  all  with  the  same  parts  as  does  the 
^"twini  (at  boiler  pressure  I.  There  is,  nevertheless,  some  cylinder  con- 
fnwiwii  in  the  compound  engine  due  to  the  temperature  diffen&M 


u  the  incoming  and  issuing  ste in  each  cylinder.     But,  hecnuse 

the  lower  temjieniture  range  in  each  cylinder,  the  total  condensation 
i ■iiii>-i'|i  ruMy  less  in  the  coui|)Ounii  engine-  than  in  either  the  single-  or 
ir-viihi  simple  engine.  It  will  therefore  lie  evident  from  a  study  of  the 
n  ■  >.-■  .nation  and  of  Figs.  327  to  329  that,  compounding  reduces  the 
eperature  range  in  each  compound-engine  cylinder  to  approximate!  y 
t-bmit  of  that  of  a  simple  engine  in  which  the  total  temperature  range  is 
miliar  reasoning  w  ill  disclose  how  the  temperature  range  pel 
y  be  further  reduced  by  employing  Hirer  or  four  cylinder!  11  i- 
dnipie-expunsioii  engines,  With  n  reduction  in  the 
lOge  per  cylinder,  the  lotnl  evlirider  condensation  is  red  need 


Stn*FA<-F>   Ok   The    Ksuink   Cii.lndlh    With 
ooa  Tkmpbhatitheb,   Contacts  assume,   at  <B 
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instants,  very  nearly  the  lenipcruiurc  of  the  steam  at   il 

When  a  change  in  steam  temperature  occurs,  the  depth  lo  which  sucb  i 
change  in  temperature  will  penetrate  the  cylinder  «iills  will  lie  prriiwr- 
tiwiiil  lo  Ihe  time  during  which  the  walls  are  expand  to  the  iLeUB  il  '!»'■ 
new  temperature.  Thus,  if  a  ateam  stroke  is  performed  in  less  timr, 
there  will  he  less  cylinder  condensation.  Therefore,  the  losses  due  to 
cylinder  enndi'iiwlliou  decrease  as  Ilie  engine  speed  increases.  Attempts 
have  been  made  to  line  cylinder  lie:  id,-  with  low-heal -conducting  materials 
to  prevent  cylinder  condensation.  These  materials  have  all  proved  tone 
of  insufficient  mechanical  strength  and,  therefore,  have  not  been  "iilcly 

275.  Why  Leakage  Past  The  Piston  And  Valves  Is  Less  In 
A  Compound  Engine  Than  In  An  Equivalent  Simple  Engine 
may  be  understood  by  referring  to  Figs,  328  and  329.  The 
maximum  difference  between  the  pressure*  on  the  twouldeed 
the  piston  and  valves  in  the  high-pressure  cylinder  ( Pig.  '-i-* 
is  150  —  25  -  125  lb.  per  sq.  in.;  and,  in  the  bm-praaUK 
cylinder  the  difference  is  25  —  1.7  =  23.3  lb.  per  sq.  tn. 
Now,  in  the  simple  engine  (Fig.  328)  the  pressure  difference  is 
150  -  1.7  =  148.3  lb.  per  sq.  in.  The  pressure  difference  is 
not  much  less  in  the  high-pressure  cylinder  than  it  is  in  the 
simple  engine,  but  the  high -pressure  cylinder  is  much  small" 
for  the  same  power  output  and  the  volume  of  leakage  is  there- 
fore correspondingly  small.  Also  the  steam  which  leaks 
past  the  high-pressure  piston  is  effective  in  doing  work  in  the 
low-pressure  cylinder. 

276.  The  Mechanical  Efficiency  Of  A  Compound  Engine 
Is  Ordinarily  Greater  Than  That  Of  An  Equivalent  Simple 
Engine  in  spite  of  the  greater  number  of  bearings  and  moving 
parts  of  the  compound  engine.  The  simple  engine,  to  obtain 
the  same  total  ratio  of  expansion  as  the  compound  engine- 
must  cut  off  earlier  in  its  stroke.  Fig.  330  shows  thtvorclio! 
engine  indicator  diagrams.  /  shows  the  simple  engine  diagram. 
II  shows  the  combined  diagrams  (Sec.  281)  from 
and  low-pressure  cylinders  of  a  compound  engine, 
effective  pressures  P*  and  Ps  in  the  compound-ei 
are  large  fractions  of  the  corresponding 
in  the  two  cylinders.  In  the  dimple  enguoj 
pressure  7Ji  is  only  a  small  part  of  the 
Tliv  two  diiigran  the  same  tot 
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the  ratio  of  expansion  (see  example  under  Sec.  273)  in  the 
simple  engine  is  15  whereas  that  in  the  compound-engine 
high-pressure  cylinder  is  only  5.  That  is,  the  engine  would  do 
the  maximum  work  for  which  it  was  designed  during  only 
about  Ms  of  the  stroke  in  the  simple  engine  and  for  y5  of  the 
stroke  in  the  compound  engine.  The  low-pressure  cylinder, 
due  to  its  later  cut-off,  does  ita  maximum  amount  of  work 
during  half  of  its  stroke.  This  better  distribution  of  the  driving 
force  results  in  better  mechanical  efficiency. 


High-PreaurrCylrncler 


I-  3imp!»  Engina  Diogroi 
1.  330.— Meal  indicate! 


277.  How  The  Turning  Moment  Or  Torque  Is  Made  More 
Even  In  Compound  Engines  Of  Different  Designs  may  be 
seen  by  referring  to  Figs.  331  to  333.  The  turning  moment  of 
a  tandem-compound  engine  (Fig.  331)  is  only  little  more  even 
or  regular  than  that  of  an  equivalent  simple  engine,  although 
the  later  cut-off  of  the  compound  engine  gives  a  longer  maxi- 
mum turning  moment.  The  torque  developed  by  such  an 
engine  is  shown  graphically  in  Fig.  331.  But,  if  the  high  and 
low-pressure  cylinders  operate  cranks  at  90  deg.  with  each 
other  (as  is  common  in  cross-compound  engines)  the  points 
of  maximum  torque  in  the  two  cylinders  will  occur  90  dcg. 
apart  as  shown  in  Fig.  332.  The  driving  moment  on  the  shaft 
will  then  be  much  more  regular  and  the  necessary  flywheel 
size  will  thus  be-  greatly  reduced.  If  a  triple-expansion 
engine  has  its  three  cranks  set  at  120  deg.,  the  resulting  torque 
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l  will  be  that  shown  in  Fig,  333.     An  almost  uniform 
turning  moment  will  result. 

278.  Compound  Engines  May  Be  Classified  With  Respect 
To  The  Method  Of  Transfer  Of  Steam  From  One  Cylinder 

To  Another  as  follows:  (1)  Woolf-compound  engines  (Fig.  334) 
in  which  the  high-pressure  cylinder  exhausts  directly  into  the 
W-pressure  cylinder.  The  cylinders  of  engines  of  this  class 
'"e  UMititly  arranged  in  tandem  (Fig.  329)  but  may  also  have 
cranks  set  at  an  angle  of  180  deg.  as  in  Fig.  334. 
*)  Baa  <<■'  r-eotttpound  engines  (Fig.  335)  in  which  the  steam  is 


delivered  from  the  high-preasure  cylinder  to  a  receiver  and 
KQM  tO  the  low-pressure  cylinder.  All  cross-cunipuiind 
•ugines  having  cranks  at  90  deg.  and  triple-expansion  engines 
rito  crunks  at  120  deg.  are  of  the  receiver-compound  type. 
'he  reason  for  this  is  that,  with  these  cylinder  arrangements, 
i  high-pressure  cylinder  does  not  exhaust  at  the  proper 
ue  to  supply  the  low-pressure  cylinder  with  steam.  A 
I  Figs.  .;:;.')  and  336,  is  therefore  employed  to  store, 
r  the  intervals  between  events,  the  si  cam  from  the  bigh- 
nire  cylinder  so  tie  "  'I  !«■  available  for  supplying  the 

cylinder  *"- iver  may  be  in  the  form  "I  a 
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(jjnrp  chamber  nr  it  may  be  merely  an  enlarged  pipe  con- 
tine  the  cylinders  nr  an  enlarged  low-pressure  steam  chest. 

Note—  Tiik  Voi.hmk  0*  A  Kh- 
cbiver  should  be  ill  least  1  to  1.5 
tirm-s     I  hi'    hi^li-jiri-rtnuri'    ry  Under 

volume  for  a  cross-compound 
engine  with  eranks  at.  90  deg. 
Receivers  having  volumes  of  5  or 
more  times  that  of  (he  high-pres- 
sure cylinder  are  sometimes  used. 
For  other  cylinder  arrangements, 
the  receiver  may  be  smaller. 
Small  receiver  volumes  result  in 
irregular  high -pressure  exhaust 
lines,  such  as  those  shown  at  AB 
in  Figs.  337  and  338.  Receivers 
■  should  be  provided  with  nop 
:  safety  valves  to  prevent  ctamgl  in 
ease  the  receiver  pressure  rises  due 
to  a  failure  of  the  low-pressure 
admission  valves  to  function  prop- 
erly. A  drain  (A',  Fig.  339)  should 
always  be  provided  from  every 
receiver  to  remove  condensed 
slcam.  The  pressure  gage  used  on 
a  receiver  should  be  of  the  com- 
pound or  combination  type  and 
should  read  vacuum  and  pressure 
as  high  as  the  boiler  pressure.  A 
hit-iHin*  should  be  provided  for 
admitting  live  steam  to  the  rom- 
pound-engine  receiver.  This 
assures  that,  if  the  high-pressure 
crank  is  on  dead  center,  the  low- 
pressure  cylinder  may  bt  ami  bO 
start,  the  engine.  The  by-pass  also 
permti  "wuiuing  up'' the  receiver 
and  low-pressure  cylinder  before 
starting  the  engine. 

'.  Reheaters  Or  Interheaters   (Fig.  336)  are  frequently 
with    compound    ami    usually    with    triple -expansion 
es,     A  reheaU'r  or  interhcater  is  a  device  for  beating  t 
,  which  is  discharged  from  the  high-pressure  ( 
,tc  cylinder  of  an  engine  before  it  enters  the  rj 
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prewure  cylinder.     Reheat  rs  are  usuallj  buiH  in  :  ■ 

Hi  take  the  place  of  the  receiver.     The  heating  may  be  done 

mth  live  steam  or  with   furnace  gases.    With  compound 
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anginas,  a  reheater  usually  does  not  improve  the  total  thermal 
efficiency  '>f  the  engine  materially,  where  the  heating  is  done 
with   live  steam,    unlets   the  receiver-pressure  steam  isj  b) 


lot  I  ho  rombinnl 


reheating,  superheated  aboi 
heaters  always  improve  t  lie 
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»  p.    That  is,  with  steam  of  greater  quality,  the  operation 

in. 1 1  are  more  positive,     Rcheaters  in  which  furnace 

an?  used  increase  engine  economy  considerably.  Such  a 
or  is  used  on  the  Buckeye-mobile  (Fig.  395). 

The  Meanings  Of  Various  Terms  Used  In  Connection 
Compound  Engines  are  as  follows:  The  cylinder  ratio 
ratio  of  the  displacement  volume  (Sec.  3)  of  the  low- 
ure  cylinder  to  that  of  the  high-pressure  cylinder.  Where 
troke  of  the  two  cylinders  is  the  same,  the  cylinder 
may  be  taken  for  most  purposes  as  the  square  of  the  ratio 
(iameters.  Thus,  if  the  high-pressure  cylinder  is  10  in. 
meter  and  the  low-pressure  cylinder  is  20  in.  in  diameter, 
•linder  ratio  is  (20/10)'  =  4  or,  as  sometimes  expressed, 
to  1.  In  computing  the  exact  value  of  cylinder  ratio  the. 
;>■  occupied  by  the  piston  rods  must  be  deducted. 
>tnl  ratio  of  expansion  is  the  ratio  of  the  final  volume  of  the 
in  the  low-pressure  cylinder  to  its  volume  at  cut-off  in 
ign-^pnasure  cylinder.  Neglecting  clearance  and,  for 
cut-offs  in  the  two  cylinders,  the  total  ratio  of  expansion 

cylinder  ratio  times  the  reciprocal  of  the  fraction  of 

completed  at   high-pressure  cut-off.     Thus,   if  cut-off 

at  Ji  stroke  anil  the  cylinder  ratio  is  4,  the  total  ratio  of 

inn  is  4  X  3  =  12.     Free  expansion  is  the  expansion  of 

team  in  the  receiver  and  passages  between  cylinders.     It 

tired  by  the  mean  difference  between  the  pressure  along 
haust  line  of  the  high-pressure  cylinder  and  that  along 
mission  line  of  the  low-pressure  cylinder.     Terminal  drop 

difference  between  the  pressure  in  the  high-pressure 
t  er  at  release  and  the  average  receiver  pressure. 

— The  Cylinder  Ratio  In  Compound  F,m;inks  Yahiks  liimi 
2  To  1,  To  About  8  To  l  With  n  given  percentage  of  cut-off  in 
dire  cylinder,  n  larger  cylinder  rutin  result*  in  a  larger  lermi- 
Bul  if  a  sufficiently  early  cut-off  and  a  targe  cylinder  ratio  are 
1  drop  may  be  comparatively  small.  The  economy 
II  then  be  hifch  but  its  power  output  small  in  proporlio 
ii  In  i  hi  r  power  output  is  desired  at.  tlic  expense  of  cent 
rl  and  mailer  cylinder  ratio  are  employed. 

idicator  Diagrams  From  Each  Cylinder  Of  A 
May   Be    Combined,    if    the    dngmna 
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are  taken  as  specified  in  Sec.  282  to  form  a  single  diagram, 
Fig.  340.  One  purpose  in  so  doing  is  to  see  how  nearly 
the  combined  expansion  lines,  which  are  thus  obtained, 
conform  to  the  ideal  expansion  curve  or  to  the  saturation 
line  PD  (Fig.  340)  for  the  weight  of  steam  which  was  admitted 
to  the  cylinder.  Leaking  exhaust  and  admission  valves  and 
leaking  pistons  may  thus  be  detected  in  the  compound-engine, 
in  the  same  manner  as  explained  in  Div.  3  for  the  simple 
engine.     A  convenient  method  of  combining  diagrams  is,  by 


PrasurtScalt     y 


a  graphic  means,  to  increase  the  volume  scale  of  the  low- 
pressure  diagram  to  the  high-pressure-diagram  volume  scale 
and  to  reduce  the  pressure  scale  of  the  high-pressure  diagram 
to  I  ho  low-pressure  diagram  wale.  The  two  diagrams  will 
then  have  the  same  volume  and  pressure  scales.  TUj^ 
method  is  explained  below. 
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i  the  combined  diagrams  nmy  show  more  steam 
ing  delivered  to  the  receiver  than  is  withdrawn  from  it,  or  vice  vena. 
When  this  occurs,  the  umdysis  will  he  misleading.  If  the  two  diagrams 
in'  taken  Willi  ruie  milicji  lur,  care  should  I"'  In  ken  to  restore,  while 
uituin  the  second  card,  exactly  the  same  conditions  as  obtained  for  the 
first  card.  Furthermore,  the  conditions  slmuM  be  maintained  constant 
for  on  interval  sufficient  to  allow  the  receiver  pressure  to  assume  its 
normal  value  before  either  diagram  is  taken.  Combining  cards  which 
were  taken  under  different  or  under  changing  conditions  is  a  frequent 
source  of  erroneous  conclusions. 

Explanation. — Two  lines.  OX  and  01"  (Fig.  340),  nre  drawn  at  right, 
angles,  as  shown,  on  a  large  sheet  of  paper.  A  scale  of  pressures  is 
laid  off  on  OY  equal  to  the  spring  scale  of  the  low-pressure  diagram — 
for  example,  20  lb.  per  in.  The  low-pressure  diagram,  LP,  is  pasted 
as  shown  with  its  clearance  line  [see  example  under  Sec.  108)  coinciding 
with  OY  and  its  total  caouum  tine  withOJt.  Locate  Z,  on  OX,  even  with 
the  end  of  the  diagram.  Draw  i\'Z<J  through  Z  and  any  convenient 
point,  W.  Now  paste  down  tin*  high-pressure  diagram,  ///',  as  shown, 
so  that  its  clearance  line  falls  on  OY  and  that  its  highest  point,  A',  is 
correctly  located  on  (he  spring  scale  of  the  low-pressure  diagram.  Draw 
RC  as  shown.  Select  point  T  so  that  0T  +  OZ  =  [the  displacement 
whim*  (if  the  hnP-preisure  cylinder  and  its  clearance)  +  [the  di*  placement 
volume  of  the  high- preen  arc  cylinder  and  iln  clearance)  or,  if  the  percentage 
clearances  in  holh  cylinders  arc  the  same,  then  OT  +  OZ  =  thrcylitider 
ratio.  Draw  TB  at  right  angles  to  OX  to  intersect  WO.  Draw  BA 
through  B  parallel  to  OX.  Then  as  many  points  as  desired  nmy  be 
transferred  to  locate  the  new  low-pressure  diagram:  Thus,  to  transfer 
point  M,  draw  M,lf„  draw  WMtM,  and  project  M  and  M,  to  Af»; 
M,  i-  the  required  point. 

Draw,   if  not  already  drawn,    the  atmospheric   lines,   Ii*S  and  fiiSi. 

'.'  I    and  project  K  to  F.     Then  to  transfer  any  point,  N,  draw 

NN,  and  draw  VN,N,  and  project  N  and  N,  to  Ns.     Nt  is  the  required 

[i oil the  new  high-pressure  diagram. 

To  draw  the  saturation  curve,  calculate  from  test  results  the  weight 
ul  Mteam  used  per  stroke  at  the  load  nt  which  the  diagrams  were  taken. 
That  is:  Weight  rf 'team  per  stroke  =  {weight  of  steam  used  daring  test)  *■ 
(number  t,f  stroke*  during  test).  Add  to  this  weight,  the  weight  of  steam 
-'impression  in  tlie  high-p  retail  re  cylinder,  ussu  tiling  the  steam 
to  be  dry.  Then  find,  by  using  a  steam  table,  the  volumes  occupied  by 
this  total  weight  nf  saturated  steam  at.  various  pressures  and  plot  the 
nice  and  corresponding  pressures  on  the  diagram. 

b,— The  Low-pHBBatJBE  Expansion  Linh  Ot  A  Combined 
;atoh  Diauka.m  is  nearly  always  farther— measured  horizontally  or 
:  tbs  viiliirue  axis — from  the  saturation  graph  than  is  the  high- 
■e  expansion  line.  This  is  partly  due  to  the  fact  that  steam  is  pres- 
n  llir  high-pressure  cylinder  u'bicli  is  not  di.-Hiaiiiei!  to  the  receiver 
a  returned  as  cushion  steam.      If,  now,  the  weiglit  ■  >'  steam  retained 
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in  tin*  low-pressure  cylinder  as  cushion  steam  were  the  same  as  that 
retained  in  the  high-pressure  cylinder,  the  two  expansion  lines  might 
follow  one  smooth  curve.  But,  since  the  weight  of  steam  retained  in  the 
low-pressure  cylinder  is  less  than  that  retained  in  the  high-pressure  cylin- 
der, the  total  weight  of  steam  in  the  low-pressure  cylinder  is  less  than  in 
the  high-pressure  cylinder.  Therefore,  its  volume  will  be  less.  That 
the  low  pressure  expansion  line  is  farther  from  the  saturation  graph  than 
is  the  high-pressure  expansion  line  is  also  because  part  of  the  steam  is 
condensed  in  the  high-pressure  cylinder  and  upon  being  admitted  to  the 
low-pressure  cylinder  still  more  of  it  is  condensed.  When  an  interheater 
or  reheater  (Sec.  279)  is  used,  the  low-pressure  expansion  line  is  much 
nearer  the  saturation  graph.  Giving  the  low-pressure  cylinder  later 
cut-off  does  not,  as  might  be  expected,  extend  the  low-pressure  expansion 
line.  This  is  because  giving  later  cut-off  in  the  low-pressure  cylinder  gives 
a  lower  receiver  pressure. 

Note. — Compound-Engine  Indicator  Cards  May  Also  Be  Com- 
bined To  Show  The  Simultaneous  Conditions  In  Both  Cylinders 
as  suggested  in  Figs.  337  and  338.  For  this  purpose  the  volume— hori- 
zontal— scales  need  not  be  changed.  The  pressure  scales  are  replotted 
to  a  common  scale  and  the  simultaneous  events  for  each  card  are  plotted 
above  one  another  vertically.  The  line  AB  shows  the  receiver  pressure. 
The  line  CD  shows  the  pressure  of  the  steam  as  admitted  to  the  low- 
pressure  cylinder.  The  vertical  distance  at  any  point  between  AB  and 
CD  shows  the  pressure  drop  through  the  receiver.  Hence,  such  cards  arc 
useful  in  studying  receiver  pressures  and  drop. 

282.  A  "Mean  Indicator  Diagram"  Must  Be  Drawn,  VI 
Unlike  Indicator  Diagrams  Are  Obtained  From  The  Head 
And  Crank  Ends  Of  Either  Engine  Cylinder,  before  the  dia- 
grams from  the  two  cylinders  can,  properly,  be  combined.  This 
is  because  some  of  the  steam  which  passed  through  the  cranio 
end  of  the  high-pressure  cylinder  will  pass  through  the  head 
end  of  the  low-pressure  cylinder  if  the  valves  are  not  adjusted 
symmetrically  as  shown  by  a  balanced  indicator  card.  A 
graphic  method  of  drawing  a  mean  card  for  an  engine  cylinder 
is  as  follows : 

Explanation. — The  indicator  diagrams,  /and/, 
with  vertical  equally  spaced   linos  as  shown, 
and  atmospheric  or  total  vacuum  lines  (wh«* 
WZ  are  also  drawn.     A  reference  line  X 
lines  are  drawn  as  shown  twice  as  far  ar 
sum  of  the  clearances,  WA  and  CZ,  af 
line  XX i  is  drawn.    Now  to  trans! 
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point,  />,  1o  the  mean  diagram,  lay  out,  with  a  pair  of  dividers  or  other 
means,  the  distance  A,D{  equal  to  the  Bum  of  AB  and  CD.  It  will  be 
noted  that  both  the  pressure  scale  and  volume  scale  of  the  diagram  are 
doubled  by  this  operation. 
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283.  The  Indicated  Horse  Power  Of  Compound  Engines 

may  be  computed  by  computing  the  power  of  each  cylinder 

and  adding  the  results.     The  method  for  computing  the  horse 

power  of  a  simple  engine  was  explained  in  Sec.  123.     Each 

cylinder  of  a  multi-expansion  engine  may  be  considered  as  a 

simple   engine   in   computing   indicated   horse   power.     The 

cylinder  area,  the  mean  effective  pressure,  and  spring  scale 

are  ordinarily  different  in  the  different  cylinders.    Therefore 

little  is  ordinarily  gained  by  computing  the  power  of  the  two 

cylinders   together.     However,    if   the   diagrams   have  been 

carefully  combined,  as  explained  in  the  preceding  section,  the 

resulting  diagram  may  be  treated  as  a  single  diagram  in 

computing  indicated  horse  power. 
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284.  The   Receiver   Pressure   Usually   Varies   Somewhat 
During   The    Stroke   of   the   engine.    In    Woolf-compoimd 
engines  (Fig  334)  the  back  pressure  on  the  high-pressure 
cylinder  is  a   maximum   at  high-pressure  release  but  falls 
off  rapidly  due  to  the  fact  that  the  low-pressure-cylinder 
volume  increases  faster  than  the  high-pressure-cylinder  volume 
decreases.    This  effect  is  apparent  in  most  tandem-compound 
engines  but  is  much  less  if  a  receiver  is  used.    The  high- 
pressure  exhaust  line  (AB,  Fig.  338),  which  also  represents  the 
receiver  pressure,  of  a  cross-compound-engine  diagram  usually 
curves  down  at  its  ends  due  to  the  low-pressure  cylinder  admit- 
ting steam  at  the  ends  of  but  not  in  the  middle  of  the  high- 
pressure  stroke. 

285.  With  Compound  Engines,  The  Correct  Receiver 
Pressure  Must  Be  Maintained  To  Insure  Economical  Opera- 
tion.— A  radically  wrong  receiver  pressure  causes  most  of 
the  work  to  be  done  in  one  cylinder  and  the  engine  then  gives 
little  better  economies  than  would  a  simple  engine.  But 
even  when  the  receiver  pressure  is  varied  within  apparently 
reasonable  limits,  there  may  be  a  difference  of  10  per  cent, 
or  more  in  the  steam  consumed  by  the  engine  per  indicated 
horse  power  hour  due  to  these  receiver  pressure  differences. 
The  receiver  pressure  recommended  by  one  manufacturer 
for  non-condensing  compound  engines  is  about  30  lb.  persq. 
in.  gage  and  for  condensing  operation,  about  15-20  lb.  per 
sq.  in.  gage. 

286.  To  Find  The  Best  Receiver  Pressure  For  Any  Receiver- 
Compound  Or  Multi-Expansion  Engine,  find  the  receiver 
pressure  at  which  the  net  work  done  in  the  cylinders  is  equal. 
This  can  bo  accomplished  by  taking  successive  indicator 
cards  at  the  same  load  from  each  cylinder  and  varying  the 
receiver  pressure.  Then  the  power  ^see  Sec.  123)  developed 
by  each  cylinder  with  each  receiver  pressure  is  determined. 
The  best  receiver  pressure  is.  of  course,  that  at  which  the 
economy  of  the  engine  is  maximum.  But  nearly  all  compound 
engines  are  so  designed  that  the  work  in  the  two  cylinders  is 
about  equal  when  economy  is  maximum.  Therefore,  if  the 
work  done  by  the  several  is  equal,  it  may.  ordi- 
nnrriw  be  assumed  wire  is  correct.    In  a 
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combined  diagram,  the  work  areas  may  be  directly  compared. 
When  it  is  desired  to  establish  as  nearly  as  possible  the  correct 
receiver  pressure  before  taking  indicator  diagrams,  the  rules 
given  in  the  following  section  may  prove  useful. 

287.  The  Receiver  Pressure  For  A  Compound  Engine 
Depends  On  The  Cylinder  Ratio. — For  condensing  operation, 
the  receiver  pressure  should  be  approximately  the  absolute 
boiler  pressure  divided  by  the  cylinder  ratio.  Thus,  if  there 
is  a  steam  supply  pressure  of  185  lb.  per  sq.  in.  abs.  and  a 
cylinder  ratio  of  5  (5  to  1),  the  receiver  pressure  should  be 
about:  185  -*-  5  =  37  lb.  per  sq.  in.  abs.  or  about  22  lb.  per 
sq.  in.  gage.  For  non-condensing  operation,  the  receiver 
pressure  should  be  approximately  the  geometric  mean  between 
the  absolute  steam-supply  pressure  and  the  absolute  back 
pressure.    The  geometric  mean  between  two  values  is  the 

square  root  of  their  product.  Thus, 
if  there  is  a  line  pressure  of  135  and 
a  back  pressure  of  15  lb.  per  sq.  in. 
abs..  the  receiver  pressure  should  be: 
\/lo  X  135  =  45  lb.  per  sq.  in.  abs. 
or  about  30  Ibl  per  sq.  in.  gage. 

288.  The  Governor  Gear  Adjust- 
ment (Figs.  342  and  343)  may  be 
used  to  vary  the  receiver  pressure 
in  those  compound  Corliss  engines 
which  change  the  cut-off  in  both 
cylinders  by  means  of  a  single  gov- 
ernor. If  the  low-pressure-cylinder 
cut-off  is  made  later  relative  to 
that  in  the  high-pressure  cylinder, 
then  the  receiver  pressure  will  be 
lowered  and  the  low-pressure  cyl- 
inder will  then  vio  less  work.  Conversely,  if  the  low-pressure- 
cy Under  eut-otT  is  made  earlier  relative  to  that  in  the 
hich-p:vs>ure  eylinder,  the  r*  tfttlMMire  will  be  raised 
and    the    low-pressure  c*  xe  work.    After 
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adjusted  to  give  the  correct  pressure.  There  will  be  some 
variation  in  receiver  pressure  with  load  with  this  arrangement 
(see  Fig.  344)  but  not  as  much  as  when  only  the  high-pressure 
cylinder  is  governed  (Fig.  345). 


din-  Fia.    345.— Theorel 

pressure  due  to  cut-nfl  governing  in  both  pressure  cylinder  only 
eytindan.     The  lino  FF,,  SB,,  nod  AA, 
represent    respectively    the    different    re- 


389.  Where  Only  The  High-Pressure  Cylinder  Is  Governed, 
the  cut-off  in  the  low-pressure  cylinder  is  fixed.  The  receiver 
pressure  wdl  then  vary  with  the  load.  The  low-pressure- 
cylinder  cut-off  should  therefore  be  set  at  a  point  which  will 
give  the  proper  receiver  pressure  under  the  average  load 
expected. 

Explanation. — Fir.  345  shows  theoretical  indicator  diagrams  from  a 
compound  engine  which  is  governed  by  changing  the  t:ut-off  in  the  high- 
pressure  cylinder  only.  The  low-pressure  cut-off  is  fixed  at  LL.  When 
high-pressure  cut-off  is  late  as  at  A,  the  steam  expands  only  to  B  before 
it  attains  the  volume  MM  of  the  high-pressure  cylinder.  This  amount 
of  steam  at  the  cut-off  volume  LL  of  the  low-pressure  cylinder  exerts  a 
pressure  C,  which  is  therefore  the  receiver  pressure  At  this  load.  Simi- 
larly, the  receiver  pressures  P  and  R  are  produced  when  cut-off  occurs  at 
D  and  H.  In  the  diagrams  of  Fig.  344,  cut-off  occurs  at  B,  C,  and  D. 
The  low-pressure  cut-off  is  varied  by  the  governor  so  as  to  occur  at  A ,, 
Ei  and  F,.  This  governor  action  varies  the  receiver  pressure  but  little 
and  keeps  the  work  in  the  two  cylinders  about  equal. 
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290.  Triple- And  Quadruple-Expansion  Engines  Are  Rarely 
Used  In  Stationary  Power  Plants  except  in  large  exisliut; 
pumping  stations,     New  pumping  stations  use  turbine-driven 

centrifugal  pumps  for  large-capacity  pumping  service.  But 
miilti-rxpausiini  engines  Me  built  extensively  for  marine 
service.  Fig.  346  shows  a  typical  triple-expansion  marine 
engine.     Two  low-pressure  cylinders,  L\  and  L»,  are  used  to 


secure  proper  mechanical  balance.  The  combined  indicator 
diagrams  from  a  quadruple-expansion  engine  are  shown  in 
Fig.  347. 

291.  To  Set  The  Valves  Of  A  Compound  Engine,  set  the 
valves  of  each  cylinder  separately.  The  high-pressure  valves 
may  be  set  as  explained  for  simple  engines  in  Divs.  4  and  5. 
The  low-pressure  valves  should  be  given  more  lead  than  those 
of  the  high-pressure  cylinder.  About  '  i,-,  to  %±  in.  per  foot 
of  stroke  is  advisable  for  most  compound-engine  low-pres 
valves.     For  vertical  engines,  it  is  advisable  to  give  little 
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d  on  the  bottom  than  on  the  top  of  the  cylinder.  Where 
valves  are  very  quick  acting,  it  may  be  more  convenient 

set  them  in  relation  to  the  angular  position  which  the  crank 
«sumes  at  the  instant  when  the  admission  valve  begins  to  open, 
»**fcher  than  to  set  for  lead.  On  the  low-pressure  cylinder,  the 
valve  should  start  to  open  when  the  crank  is  7  to  10  deg. 
ahisad  of  dead  center.  This  angular  lead  may,  however,  be 
as   high  as  15  deg. 


Steam  Supply  Pressure 


..-'Hyperbolic 
'A '      Expansion  Line 


Atmospheric 
Pressure. 


-Condenser  Pressure 
Fig.  347. — Combined  indicator  diagrams  from  a  quadruple  expansion  engine. 


QUESTIONS  ON  DIVISION  8 

1-  Name  two  conditions  under  which  compound  engines  are  commonly  used. 
^.  Over  what  pressure  ranges  are  compound  engines  commonly  operated?     When  are 
***>ple  engines  almost  as  economical  as  compound  engines?     What  saving  in  steam  may 
^*  expected  from  the  use  of  a  compound  engine  operated  condensing  over  the  steam 
Consumption  of  a  simple  condensing  engine? 

8.  Give  the  four  principal  advantages  of  compound  engines. 

4.  Show  by  a  sketch  how  the  live  steam  comes  in  contact  with  the  same  parts  as  does 
the  exhaust  steam  in  a  simple  engine.     Why  does  not  this  occur  in  a  compound  engine? 
I.  How  do  engine  speed  and  the  heat  conductivity  of  the  cylinder  wall  affect  cylinder 
condensation? 

I.  Explain  how  the  loss  due  to  leakage  past  the  cylinder  and  valves  is  lessened  in  a 
compound  engine. 

7.  Why  is  the  mechanical  efficiency  of  a  simple  engine  employing  a  large  ratio  of 
expansion  leas  than  that  of  an  equivalent  compound  engine? 

8.  What  is  torque?  How  is  it  measured?  Why  is  the  torque  very  uniform  in  a  triple- 
expansion  engine  with  cranks  at  120  deg.?  Which  do  you  consider  preferable,  a 
tandem-  or  a  cross-compound  engine?     Why? 

9.  How  may  compound  engines  be  classified  with  respect  to  the  steam  flow?  Why  is 
a  receiver  necessary  in  a  cross-compound  engine  with  cranks  set  at  90  deg.  ? 

10.  How  large  should  a  receiver  for  a  cross-compound  engine  be?     With  what  acces- 
and  pipes  should  it  be  equipped? 
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11.  What  are  two  principal  kinds  of  rebeatera? 

11.  What  it  the  cylinder  ratio  of  a  compound  engine?  What  it  free  expatmont 
Terminal  dropt 

IS.  What  cylinder  ratios  are  used  in  compound  engines?  How  is  engine  economy 
affected  by  larger  cylinder  ratios  and  earlier  cut-off?  How  does  this  affect  power 
output? 

14.  Explain  by  a  sketch  how  indicator  diagrams  from  high-  and  low-pressure  cylinders 
of  a  compound  engine  may  be  combined. 

II.  What  causes  the  low-pressure  expansion  line  of  a  combined  indicator  diagram  to 
fall  farther  from  the  saturation  line  than  does  the  high-pressure  expansion  line? 

It.  How  may  the  indicated  horse  power  of  multi-expansion  engines  be  computed? 

17.  Explain  how  the  receiver  pressure  varies  during  a  stroke  in  a  cross-compound 
engine. 

18.  How  may  the  correct  receiver  pressure  for  an  engine  be  determined  by  means  of 
a  steam  engine  indicator? 

It.  Which  method  of  compound-engine  governing  gives  the  greatest  variation!  in 
receiver  pressure?     Why? 

SO.  How  much  lead  should  there  be  in  the  valves  of  a  low-pressure  cylinder  of  a  com* 
pound  engine? 

PROBLEMS  ON  DIVISION  8 

1.  Approximately  what  receiver  pressure  should  a  compound  condensing  engine  have 
when  taking  steam  at  150  lb.  per  sq.  in.  gage  if  the  cylinder  ratio  is  4.3:1.  What 
should  be  the  receiver  pressure  for  a  non-condensing  compound  engine  taking  steam  at 
100  lb.  per  sq.  in.  gage  and  exhausting  at  5  lb.  per  sq.  in.  gage? 

S.  If  the  crank  arm  in  a  simple  engine  is  6  in.  long  and  the  cylinder  diameter  is  10  in., 
what  maximum  torque  can  the  piston  exert  on  the  shaft  if  the  effective  pressure  on  the 
piston  is  150  lb.  per  sq.  in.?  Assume  that,  when  the  crank  and  connecting  rod  are  at 
right  angles  to  each  other,  the  force  on  the  crank  pin  is  90  per  cent,  of  that  on  the  piston. 

S.  If,  in  a  quadruple-expansion  engine,  the  temperature  ranges  in  all  cylinders  are 
equal,  and  if  steam  is  supplied  to  the  engine  at  225  lb.  per  sq.  in.  gage  and  exhausted  into 
a  condenser  where  the  vacuum  is  28.5  in.  of  mercury  column,  what  is  the  temperature 
range  in  each  cylinder?     Barometer  ■»  30  in. 

4.  A  compound  engine,  which  has  a  cylinder  ratio  of  4.5: 1  cuts  off  at  26  per  cent,  stroke 
in  the  high-pressure  cylinder.  Neglecting  clearance,  what  is  its  ratio  of  expansion?  I> 
there  is  6  per  cent,  clearance  in  each  cylinder,  what  is  the  ratio  of  expansion? 

5.  If  a  compound  engine  has  a  stroke  of  5  ft.,  what  lead  should  its  low-pressure 
cylinder  admission  valves  have? 


DIVISION   9 

ENSING    AND    NON-CONDENSING  OPERATION 

By  Condensing  Operation  Of  A  Steam  Engine  Is 
Its  Operation  In  Connection  With  A  Steam  Condenser 
[  A  Pressure  Considerably  Below  Atmospheric  Pressure 
itained  In  The  Engine  Exhaust  Pipes  And  Passages. 

,  the  back  pressure  on  an  engine  operated  condensing 
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IQ]   i     ordinarily    in  to  14  lb.   per  sq.  in.  below  almos- 
whik'   Hint  on  one  o|iei'iited  non-condensing 
t  to  5  lb.  per  sq.  in.  above  atmospheric  pressure. 

H   ]>■    A    (.'ll.IMIII.il    U    II  I.  II I    I.N    'I'llp-     F\il  \l.  Ml    SffcAW 
-    C \\'D  THEREBY  ClINDENSBD   INTO  WaTEB. 

i.  which  the  engine  (Fins.  340  mid  360)  exhausts,  ■ 

ll.ji'rl   of  iiniili'iLW'rs   i.h  tr™it"l  quite  fullv   in  1 
nt  ArociuAHii .-  Vwn  k<  1 1  u 
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,-5/eart;  Supply  Pipe 

.H-gn-Prtstvrr  Cylinder 
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Swni  i*  dischargi-d  Fr . .  n  i  l..»  jir.—uri'  -ylii.il.  r.  /..  Ihioilth  /".  Tl>*  cylinder  wl  »'■'' 
water  lie  removed  by  S  and  cnllerted  in  ft.  The  alrrim  ii  eoiidpnaed  IB  C  by  ■»<•*' 
wliieh  il  «ucfc»d  [turn  /  by  II'  mid  discharged  into  II  The  Bit  ■lid  rotidrnutr  V-  re- 
moved by  A,  the  Utter  brin*  heated  in  H  miJ  rod  tnrk  to  the  boiler  by  F  (C*W 
HfuKr  CalalivH..) 
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293.  The  Main  Purpose  In  Reducing  The  Back  Pressure 
On  A  Steam  Engine  By  Means  Of  A  Condensor  Is  To  Save 
Steam  And  Thus  Save  Coal. — That  is,  an  engine  will  develop 
a  given  amount  of  power  from  less  steam  if  a  condenser  is 
used;  or,  conversely,  it  will  develop  more  power  on  a  given 
amount  of  steam  when  a  condenser  is  used. 

Explanation. — Fig.  351  represents  an  ideal  condensing  engine  indi- 
cator diagram  (Sec.  78)  superimposed  on  a  corresponding  non-condensing 
diagram.  The  steam  pressure  is  represented  by  line  PP';  atmospheric 
pressure  by  line  A  A';  and  zero  pressure  or  complete  vacuum  by  VV. 
Consider  first  that  the  same  volume  of  steam,  S2,  is  used  for  both  con- 
densing and  non-condensing  operation,  and  that  this  steam  expands  as 
^presented  by  line  RS.    Then,  area  PRSB'BP  represents  the  work  done 
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Fio.  331. — Ideal  indicator  cards  showing  comparative  work  areas,  working  pressures, 
and  steam  consumptions  for  condensing  and  non-condensing  operation. 


by  the  engine  running  non-condensing;  area  PRSC'CP  represents  that 
done  condensing.  The  shaded  area  represents  the  increased  work  done 
when  running  condensing  over  that  when  running  non-condensing.  Pi 
represents  the  working  pressure  range  with  the  condenser  as  compared 
to  Pi  without  it.  The  engine  thus  develops  more  power  from  the  same 
amount  of  steam  when  operated  condensing. 

But  assume  that  by  an  earlier  cut-off  less  steam,  Si,  is  admitted  to 
the  cylinder  so  that  the  expansion  follows  the  new  line  MN.  Sx  is 
assumed  to  be  of  such  an  amount  that  the  work  area  PMNC'CP  is  equal 
to  the  area  PRSB'BP.  Then  the  shaded  area  is  equal  to  the  area  MNSR, 
and  the  work  done  by  a  volume  of  steam  Si  with  condensing  operation 
is  equal  to  that  done  by  a  volume  of  steam  S2  with  non-condensing 
operation.  Thus  the  same  amount  of  work  is  done  by  loss  steam  w 
condensing  operation. 

Note. — Methods   Of  Calculating  The  Percent  auk  Saving 
Power  Increase  Due  To  Condensing  Operation  arc  "*  ti 

author's  Steam  Power  Plant  Auxiliaries  And  Accesso 
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294.  Condensing  Operation  Is  Not  Economical  For  AJ»y 
Engine  When  Most  Of  The  Exhaust  Steam  From  The  Engin 
Can  Be  Profitably  Used  For  Heating  Or  Industrial  Purposes- 
It  is  much  more  economical  to  use  exhaust  steam  for  heating 
than  to  condense  the  exhaust  and  heat  with  live  (boiler- 
pressure)  steam.  When  all  of  the  exhaust  steam  from  an  engine 
it>  used  for  heating,  the  engine  merely  acts  as  a  reducing  valve- 
and  furnishes  power  as  a  sort  of  by-product.  On  the  other 
hand,  when  the  exhaust  is  condensed,  much  heat  is  absorbed 
by  the  condensing  water  and  is  lost.  In  general,  the  exhaust 
from  an  engine  should  be  condensed  only  when  it  cannot  l>e 
used. 


•X 
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Xiitb.— Since  Cdndkskinu  Operation  Requires  Consideeaile? 
Hki.ativei.v  Cui.d  Water,  It  Is  Onlt  Feasible  Where  There  Is  A* 
AiiKqrATK  Watkh  Suiti.y.  In  jiructice  25  to  100  lb.  of  water  wr 
required  fur  eneh  pound  of  sk-iim  condensed.  Water  for  a  eondeowr 
limy  he  iwmlril  in  :i  cuoling  lower  (Fig.  352)  or  pond  and  used  repeatedly. 

295.  Table  Showing  Average  Steam  Consumptions  Of 
Various  Types  Of  Engines  Operated  Condensing  And  Hen- 
Condensing  At  Full  Load.  (Baaed  on  data  from  O.  B. 
Culdniiin's  Financial,  K\cinkeri\<j.) 
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Simply    high-apeed.    ein«le-vs]v> 
■S   ia.-etrokc 

s"»  Pie.  four-valve,  18-in.  Unite . . 

p»npoond  18-in.  stroke 

"liBow  18-in.  stroke 


Superheated  a  team 
deg.  fahr.  euperhea 


The  condenaina:  operation  is  at  28  in.  of  mercury  vacuum. 

N'ote. — The  steam  consumptions  of  the  condenser  auxiliaries  are  not 
IDcluded  in  the  above  values.  The  condenser  auxiliaries,  when  steam 
driven,  ordinarily  consume  about  1  to  6  per  cent,  as  much  steam  as  is 
c»nsumed  by  the  main  engine. 

296.  Cylinder  Condensation  Is  Of  Importance  In  Determin- 
"*K  Whether  Condensing  Or  Non-Condensing  Operation  Is  The 
More  Economical. — The  efficiency  loss  due  to  cylinder  con- 
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Percentage   of   SrroWe    ol   Cut-Off 

Fia.  3.13. — Graph  ehowipi  that,  with  condeneing  operation  of  a  aim) 
•<w  due  to  cylinder  condensation  in  greater  than  with  non-eondenain*  i 
that  it  inereasca  H  the  cut-oft"  becomes  earlier.     (The  percentage  lose  ia  get 

pressure  ii  leaa.     The  values  were  calculated  by  a  formula  hy  H.  C.  H.  lice! 


densation  (Sec.  307)  in  a  simple  engine  (Figs.  353  and  354)  is 
increased  by  condensing  operation.  The  live  steam  in  a  simple 
engine  is  admitted  to  the  space  which  was  recently  occupied 
by  steam  at  condenser  pressure.     The  live  steam  may  have  a 
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temperature  300  deg.  fahr.  or  more  above  that  of  the  con- 
denser-pressure steam;  see  a  steam  table  for  temperatures  of 
steam  at  different  pressures.  The  live  steam  (as  explained 
in  Sec.  274)  must  heat  the  cylinder  walls  to  nearly  its  own 
temperature.  In  heating  the  cylinder  walls,  the  live  steam  is 
cooled  and  thereby  partially  condensed  which  results  in  a 
heat  loss.     In  compound  engines  (Div.  8),  the  difference  in 


temperature  between  the  incoming  and  outgoing  steam  in  each 
cylinder  is  usually  much  less  than  in  a  simple  engine.  Unifiow 
engines  (Fig.  348)  are  so  constructed  that  the  cool  condenser- 
pressure  steam  is  exhausted  in  the  center  of  the  cylinder 
whereas  the  live  steam  is  admitted  at  the  ends.  This  prevent*, 
in  a  measure,  the  cooling  of  the  cylinder  ends  by  the  exhaust 
steam.  Compound  and  unifiow  engines  are  therefore  able  to 
KCt  the  benefit  of  the  increased  working  pressure  effected  by  a 
condenser  without  incurring  excessive  loss  due  to  cylinder 
condensation. 


Sec.  297]       CONDENSING  AND  NON-CONDENSING 
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297.  The  Chief  Advantages  And  Disadvantages  Of  Con- 
densing Operation  are  as  follows: 


Condensing 

Non-Condensing 

Advantages 

Disadvantages 

Decreases  steam  consumption  of 
large  engines  20  to  40  per  cent. 

Recovers  most  of  the  feed  water 
unless  a  jet  condenser  is  used  with 
impure  water.  The  recovered  feed 
water  is  usually  50  deg.  fahr. 
hotter  than  fresh  feed. 

Increases  power  output  of  a  given 
installation  or  decreases  necessary 
size  of  installation  for  given  power 
output. 

Converts  heat,  which  would  other- 
wise be  wasted,  into  work. 


Requires  more  steam. 

Must  use  fresh  feed  water  which 
may  be  expensive  to  heat  and 
purify. 


Requires  larger  boiler  installation. 


Wastes  most  of  the  exhaust  steam 
unless  it  can  be  used  for  heating. 


Disadvantages 

Advantages 

Requires  additional  equipment,  *  i.e., 
condensing,  pumping  and  water 
recooling  equipment. 

Operation  more  difficult. 

No  steam  available  for  heating. 

Difficulty  in  keeping  joints  tight  and 
maintaining  additional  equipment. 

Relatively  low  first  cost. 

Operation  relatively  simple. 
Exhaust  steam  available  for  heat- 
ing. 
Fewer  joints  to  keep  tight. 

*  In  condensing  plants  these  auxiliaries  are  often  steam  driven  and 
their  exhaust  steam  is  used  to  heat  the  feed  water.  This  arrangement 
lessens  the  disadvantages  of  the  extra  equipment. 


298.  The  Most  Profitable  Degree  Of  Vacuum  Is  Greater 
With  A  Uniflow  Engine  Than  With  Simple  Or  Compound 
Counterflow  Engines. — The  most  profitable  degree  of  vacuum 
for  uniflow  engines  is  the  highest  vacuum  that  may  be  reason- 
ably maintained.  The  most  profitable  degree  of  vacuum  for 
compound  counterflow  engines  is  about  26.5  in.  of  mercury 
(or  about  88  per  cent,  of  a  complete  vacuum).    Further 

19 


290    STEAM  ENGINE  PRINCIPLES  AND  PRACTICE     [Dnr.  9 

decrease  in  back  pressure  is  not  warranted  for  these  reasons: 
(1)  The  power  required  by  the  condenser  pumps  would  rapidly 
increase.  (2)  Economy  would  not  materially  increase.  (3) 
Leaks  become  troublesome.  (4)  Cylinder  condensation  is  very 
great. 

Note. — The  subjects  of  starting,  stopping  and  maintaining  condensers 
are  treated  in  Div.  13. 

299.  The  Chief  Application  Of  The  Condensing  Engine  Is 
For  Electric  Power  Plants  Which  Have  A  Limited  Supply  Of 
Water,  And  For  Driving  Slow-Moving  Machinery  Which 
Cannot  Be  Turbine  Driven. — Large  modern  power  plants  are, 
whenever  possible,  located  on  a  lake  or  river  or  arm  of  the 
ocean  so  that  there  is  an  abundant  supply  of  cooling  water. 
Such  plants  nearly  always  employ  turbines,  which  operate 
with  a  higher  vacuum  than  is  profitable  with  engines,  and 
better  economies  are  thus  obtained  than  with  condensing 
engines.  Smaller  plants  which  are  not  so  located  may  employ 
condensing  engines  and  re-cool  the  condensing  water  in  a 
cooling  tower  or  pond.  Since  the  principal  use  of  the  turbine 
is  for  driving  machinery  which  permits  of  high  rotative  speeds 
(for  example,  generators  and  centrifugal  pumps),  its  applica- 
tion would  not  be  suited  to  mills  and  other  plants  where 
direct,  belt  or  rope  driving  is  employed.  In  such  plants  the 
condensing  engine  is  commonly  used  for  steam  power  genera- 
tion even  though  the  supply  of  water  is  adequate  for  econom- 
ical condensing  turbine  operation. 

QUESTIONS  ON  DIVISION  t 

1.  What  is  meant  by  corulennina  operation?     How  is  it  accomplished? 

2.  Explain  by  a  diagram  how  more  power  is  developed  from  the  same  amount  of  steam 
by  condensing  operation. 

3.  What  saving  is  effected  by  condensing  operation  of  large  compound  engiw*- 
What  is  the  proportion  of  the  steam  required  by  the  main  engine  to  that  used  by  thf 
condenser  auxiliaries? 

4.  When  is  the  rondcnt»ing  operation  of  any  engine  less  economical  than  non-coD- 
densing  operation? 

6.  How  doen  cylinder  condensation  affect  the  economies  of  engines  of  various  kind* 
wlu*n  operated  condensing? 

6.  Enumerate  the  chief  advantages  and  disadvantages  of  condensing  operation 

7.  What  percentage  of  a  total  vacuum  is  ordinarily  proBtable  in  a  condenser  for  » 
compound  engine? 

8.  (Jive  two  conditions  under  which  condensing  engines  are  commonly  used. 


V 


DIVISION  10 

STEAM-ENGINE     EFFICIENCIES     AND     HOW     TO 

INCREASE  THEM 


300.  The  Steam  Engine  Converts  Into  Mechanical  Work 
Only  A  Relatively  Small  Part  Of  The  Total  Heat  Supplied 
To  It;  see  Sec.  6.  Under  some  conditions,  the  heat  which 
is  not  converted  into  work  may  be  usefully  employed.  Under 
such  conditions  as  will  be  explained  later,  the  fact  that  the 
engine  converts  into  mechanical  work  only  a  small  part  of  the 
heat  energy  which  it  receives  becomes  of  comparatively  little 
consequence.  Under  other  conditions,  it  is  of  great  commer- 
cial importance.  For  example,  the  steam  locomotive  seldom 
converts  into  mechanical  work  over  10  per  cent,  of  the  total 
heat  supplied  to  it.  The  remaining  90  per  cent,  or  more 
produces  no  useful  effects  in  the  locomotive  and  represents 
a  total  loss.  Why  a  large  part  of  such  loss  is  unavoidable, 
and  how  the  avoidable  parts  of  it  may  be  reduced,  constitute 
the  subject  of  this  division.  See  also  the  portions  of  Div. 
12  which  relate  to  efficiency. 

Note. — There  Is  No  Possible  Way  In  Which  The  Efficiency  Of 

An  Engine,  Which  Is  Already  Installed  Under  Given  Operating 

Conditions    And    Which    Is  In  Good   Repair,    Can   Be   Greatly 

Increased.     If  the  valves  and  pistons  of  an  engine  have  only  a  negligible 

leakage  (Div.  13)  and  the  engine  is  properly  adjusted  (Divs.  4  and  5), 

cleaned,  lagged,  and  lubricated  (Div.  16)  the  operator  has  ordinarily  no 

further  responsibility  for  its  efficiency.     It  is  sometimes  possible,  where 

the  design  of  the  engine  permits,  to  change  to  condensing  operation, 

to  superheated  steam,  or  to  higher  boiler  pressure,  in  order  to  increase 

engine  efficiency.     However,  these  operating  conditions  are  usually  so 

determined  in  a  plant  that  they  cannot  be  changed  without  completely 

rebuilding  the  plant.     When  an  engine  is  first  selected  it  should,  therefore, 

be  so  chosen  that  it  will  give  the  desired  efficiency  without  its  being 

necessary  later  to  alter  other  plant  equipment.     Therefore,  the  efficiency 

of  an   engine,   assuming   good   maintenance   and   correct   application, 

depends  entirely  on  its  design.     In  general,  the  efficiency  of  an  existing 
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steam-power  plant  can  be  improved  by  giving  detail  attention  to  the 
boiler  room  rather  than  to  the  engine  room.  It  is  in  the  boiler  room  that 
a  great  part  of  the  correctable  wastes  occur. 

301.  Why  A  Large  Part  Of  The  Losses  In  A  Steam  Engine 
Are  Unavoidable  may  be  understood  by  a  study  of  the  hydrau- 
lic analogy  of  Fig.  355.  Fall  in  temperature,  representing  as 
it  does  loss  of  heat  or  loss  of  energy,  is  compared  to  fall  of 
water,  which  represents  loss  of  head  or  of  its  potential  energy  of 
position.  The  steam  engine,  A,  can  operate  non-condensing 
over  only  a  certain  temperature  range,  just  as  a  water-power 
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I-  Water  Power 


I- Engine 

Fio.  3.">5. — Showing  analogy  between  water-power  utilized  and  heat  utilised  by  sttsm 

engine. 

plant  can  utilize  only  the  hydraulic  head  of  the  water  fall. 
B.  By  adding  the  condenser,  C,  an  additional  range  in 
temperature  may  be  utilized  just  as  the  fall  in  the  rapids,  D» 
might  be  utilized  by  the  water-power  plant  by  means  of 
additional  piping.  But  it  is  just  as  impractical  to  cool  to 
32  deg.  fahr.  in  the  condenser  as  it  is,  ordinarily,  to  pip? 
water  to  sea  level  to  utilize  the  final  drop  or  head  to  that 
datum  plane. 

Explanation. — At  32  dog.  fahr.  water  is,  for  steam  engineering  pur- 
poses, considered  to  contain  no  heat  just  as  water  at  sea  level  is  con- 
sidered to  have  no  potential  energy.  There  is  a  large  theoretical  tem- 
perature range  to  absolute  zero  (  — 4G0  deg.  fahr.)  just  as  there  is  a  large 
theoretical  hydraulic  drop  from  sea  level  to  the  center  of  the  earth.     But, 
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i-  tin'  temperature  range  lielmv  :i2  dog,  fahr.,  mechanical  refrigera- 

musl  be  employed;  and  to  use  water  power  lielow  sea  level,  the  water 

must  I*  pumped  back  to  ils  original  level.     In  cither  case,  no  additional 

pom  ""iil'l  be  developed.     II  follows  that,  although  only  aamall  part 

if  lb  total  dwolute  temperature  range  (and  therefore  of  the  total  heat) 

in  the  steam  engine,  the  remainder  is  of  such  nature  that  little 

I        "fil  can  be  utilized. 

303.  It  Is  Often  Unwise  To  Increase  Engine  Economy  At 

The  Expense  Of  Greater  Fixed  Or  Maintenance  Charges. 

|      Fixed  charges  are  taxes,  insurance,  the  interest  on  the  capital 

I      invested  and  depreciation  or  the  amount  of  money  which  must 

I     belaid  aside  yearly  to  replace  the  engine  when  it  is  no  longer 

useful  (see  Div.  15).     Steam-engine  operation  is,  ordinarily, 

I  '"iiuii.Tcial  undertaking — increased  fixed  or  maintenance 

cii-irges  may  Increase  total  power  plant  expense  as  much  as 

W  Tfrnnnfri  fuel  costs  due  to  poor  engine  efficiency.     There- 

l""'  engines  RW  not,  necessarily,   built  or  operated  with  a 

I      Ww  to   securing   the   greatest   possible   thermal   efficiency. 

fasten],  they  ■should  be  built  and  operated  to  provide  the 

"Wxiiuum  economy,  when  all  factors  of  cost  are  considered. 

IsOS,  while  higher  initial  steam  temperatures  used  with  larger 

*H0|    nf    expansion    and    higher    vacua   increase    thermal 

'"i'ii  i!i'v,  such  methods  of  increasing  economy  are  limited 

'v   the  other  costs  involved.     In  general  (see  Div.  15),  the 

lv,1'i  charges  on  an  engine  should  be  much  less  than  the  cost 

the  fuel;  and  the  engine  maintenance  charges  should  be  a 

"'"all  fraction  of  the  total  expense  of  the  engine  during  its 

life. 

303.  The  Losses  In  A  Steam  Engine  May  Be  Divided  Into 

*  hree  Classes  (see  Div.  1) :  (1)  Rejection  losses  or  heat  which 

'*■  is  not  possible  for  a  commercial  steam  engine  to  use.     Since 

lection  losses  are  largely  dependent  on  the  kind  of  cycle 

"Tl   which  the  engine  operates,  their  amount  will  be  considered 

itively  in  Sees.  31-1  to  316  under  Hie  Rankine  cycle. 

are  often  not  lost  at  all.     All  of  the  heat 

present  in  the  exhaust  steam  and  may  frc- 

rteam  heating.     (2)  Thermal  tosses  (See. 

always   constitute   actual   losses 

too  widely  diffused  to  be  useful. 


ill 
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(.3)  Mechanical  losses  (Sec.  310).  These  losses  subtract  from 
the  mechanical  work  which  has  been  derived  from  the  heat; 
and  convert  part  of  the  work  back  into  heat  in  the  bearings 
where  it  is  useless  and  particularly  undesirable. 

Note. — In  A  Steak  Engine,  The  Percentage  Losses  Are  A  Mini- 
mum At  Or  Near  Rated  Full  Load  (Fig.  358).     At  a  considerable 


.""ST 

-- s : 

N 

engine  with  v*i-i»lioo  is  lom»  - 
Mam.} 

overload,  the  rejection  losses  arc  large  due  to  the  incomplete  expansioo- 
At  light  loads,  the  mechanical  and  thermal  losses,  which  do  not  vaiT 
greatly  with  change  in  load,  become  larger  in  proportion  to  the  pow*5* 
output.  As  engines  arc  usually  designed  to  secure  the  greatest  efficient- 3* 
at  or  near  full  load,  it  follows  that,  in  actual  practice,  one  of  the  princip^-* 
methods)  of  maintaining  engine  efficiency  at  a   maximum  is  to  keep  tb»^ 

load  as  near  normal  (rated  fuS--* 

a  is  possible.  It  also  fol  — 
.,'  ^i  lows  that  in  power  plants  th^^ 
■  J  units  should  be  so  selected  tha^-' 
I  «  they  may  be  operated  at  os*^ 
«|  near  full  load  most  of  the  tim^^ 
||  (seeDiv.  15). 
"I*  — 

^>£l  304.  The   Six   Principa*- 

w,im  steam  Prtwr't,  Lb  pit"  ^.'in  sage  Methods    Of    Decreasing^ 

Fin.  357.-Gr.ph  'howini  the  bScm  of  in-  The  Percentage  Rejection- 

"""!"'  I™'"  ?rpMUt°  ™  the  em^'"-*  »'  »  Losses  Of  A  Steam  Engine? 

■  mull  high-speed  non-GondcDUDC  engine.  .  °~ 

are:  (1)  Increasing  boiler' 
pressure  (Fig.  357,  sec  note  below).  (2)  Superheating  the 
steam  (Fig.  358,  see  Div.  14).  (3)  Condensing  (see  Div.  9). 
(4)  Compounding  (sec  Div.  8)  or  improving  the  steam  flow 
by  four-value  and  unijlow  features  (see  Div.  11).  (5)  Vary- 
ing rotative  speed.  Relatively  slow  speed  is  an  inherent 
limitation  of  steam  engines;  b1*"™  the  speed  cannot,  usually, 


be  greatly    increased.    The    most    efficient    speed    for  sub 

'■tiEiiic  is  ordinarily   near   its    rated    speed.     The    practical 
9eed  limit  for  steam  engines   (except   very  small. ones)  is 

nlxiut  300  r.p.m.     Higher  speed 

decRtaef  cylinder  condensation 
■■■'■<  wire-drawing  in 

tundrai  and  Bteain  ports.   To 

avoid   this    latter   effect,    the   , 

Hum  oi  higher-speed  engines 

sre  made  larger.     (6)  Decreaa-   ■ 

"iij   chitmnre    and    increasing 

'olio  of  expansion   (Sec.  305). 

Too  small  clearance  is  danger- 

W»  Once  with  small  clearance,    nmvAt  *n«iM- 
*  very  little  water  in  the  end  of  the  cylinder  might  cause  the 
iv|uk|< t  bead  to  be  blown  out  or  the  piston  or  rod  to  be 
'"'"Ushed.     Increasing  the  ratio  of  expansion  bo  decreases  tlir 
Power  output   of  an  engine  that  the  practical  limit  for  this 

i 


MS  — Graph    ahumm 


tin  i-.   ii  full  load,  aboul  8:1    for  simple  engines  and  about 
1:1  fur  compound  engines. 

Note.— Tus  Pbacticai.  Limits  Oi  Boh.ee  Preswi  m;  Is  Btationabi 
nrn  I1  lasts  im   nlxiut  125  lit.  imt  »n   in.  for  simple  cngiftea,  200  ll>. 

Or  compoiinil  :iii'l  unitlnM.   i-ngiurs  :.rnl  2".ll  II).  per  *q.  ill.  for 

•agues  (wo  also  See,   )2n h.     These  Iimila  u 
'■■■    the  boiler.     Boilers  for  turbine  service,  i 
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operated  at  350  lb.  per  sq.  in.  The  limits  are  fixed  by  the  ability  of 
engines  of  the  different  types  to  use  large  pressure  ranges  without  exces- 
sive cylinder  condensation  (see  Sec.  274).  There  is  little  advantage  in 
an  increased  boiler  pressure  unless  the  engine  can'  expand  the  high-pres- 
sure steam  satisfactorily  to  nearly  the  exhaust  pressure. 

Note. — Other  Possible  Methods  Op  Decreasing  Rejection 
Losses  are:  (1)  Steam  jacketing  the  cylinders  and  receivers,  and  (2) 
using  other  working  substances  besides  steam.  (3)  Decreasing  vake  and 
piston  leakage.  Steam  jackets  (Fig.  359)  are  often  employed  as  an 
operating  convenience  to  improve  the  quality  of  the  exhaust  steam. 
The  total  losses,  because  of  the  heat  used  in  the  jacket,  are  often  greater 
with  than  without  the  jacket.  The  utilization  of  other  fluids  in  the 
same  way  steam  is  used  is  not  commercially  employed  at  present.  Some 
experiments  in  which  the  exhaust  has  been  condensed  by  a  more  volatile 
liquid  which  was  thereby  volatilized  have  proved  successful  in  decreasing 
the  rejection  losses.  Valve  and  piston  leakage  in  steam  engines  often 
causes  rejection  losses  of  10  to  20  per  cent,  even  though  the  operation 
of  the  engines  is  apparently  normal. 


\ 


305.  Clearance  Volume  Affects  The  Output  And  Economy 

Of  An  Engine. — It  is  necessary 
for  good  operation  of  high- 
speed engines  to  compress  the 
steam  in  the  clearance  volume 
almost  to  the  throttle  pressure. 
In  low-speed  engines,  the  most 
economical  compression  may 
be  one-third  or  less  of  the 
throttle  pressure.  Due  to  the 
area  under  the  compression 
line — that  is,  the  work  done 
in  compressing  the  steam— 
the  output  and  efficiency  of  an 
engine  will  ordinarily  be  less 
with  larger  clearance  volume. 


.Compression  With 
Large  C lea  nance 

M 

•  Expansion  With 
Q   -     >J     /\^  Small  Clearance 

I-W«al 

Expansion  ^<**<£~- 
^•vcS  With  Large  Ckanmct 

.S?^  •A.Cvpprexhn  W'th  Small 


Zero  Pressure 


_'.-*  _  P 


-Corliss  Engine 
H-  Actual 

■Automatic  S/icte- 
totve  Engine 


Fiu.  300. — Showing  how  less  power  is 
derived  from  the  Hume  amount  of  steam 
when  the  clearance  volume  is  larger. 


Explanation. — Fig.  360-1  shows  two  superimposed  ideal  indicator 
diagrams  having  expansion  lines,  MN  and  MNi.  The  solid-line  diagram 
has  a  clearance  volume,  (\,  of  3  per  cent.  Compression  occurs  at  A 
and  the  cushion  steam  is  compressed  along  line  R,  to  about  one-half 
throttle  pressure.  The  dashed-linc  diagram  has  a  clearance  volume,  Cs, 
of  15  per  cent.  Compression  then  occurs  at  B  and  the  cushion  steam  is 
compressed  along  line  S.  The  shaded  area  between  lines,  R  and  S, 
then  represents  the  loss  in  work  due  to  the  larger  clearance  volume,  C% 
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The  steam  is  compressed  to  the  same  theoretical  point,  D,  on  the  throttle 
pressure  line  so  that  the  amount  of  steam  used,  Q,  is  the  same  in  both 
diagrams.  With  the  larger  clearance,  there  is  a  slight  gain  in  work  on 
the  expansion  line  represented  by  the  shaded  area,  MNNi.  This  area 
would  be  equal  to  the  area  RS,  if  the  expansion  were  carried  out  to  back 
pressure  but,  with  incomplete  expansion,  area  MNNi  is  smaller  than 
area  RS.  fig.  360-11  shows  the  difference  between  the  clearance  losses 
in  actual  Corliss  and  automatic-engine  diagrams.  The  wire-drawing  at 
W  in  the  automatic-engine  diagram  nullifies  the  theoretical  gain  due  to 
larger  clearance  shown  at  Nx  in  I. 

306.  Table  Showing  Typical  Values  For  Clearance  In 
Engines  Of  Different  Types,  based  partly  on  data  from  Marks' 
Mechanical  Engineers'  Handbook  : 


Engine 

Clearance   as   a   percentage   of 
the  displacement  volume 

High  value 

Low  value 

Flat  slide  valve  at  side  of  cylinder 

Piston  valve  at  side  of  cylinder 

Corliss  valves 

10 

a 

8 
4 

5 

7 
2 

Poppet  valves 

1.5 

307.  Cylinder  Condensation  Is  The  Cause  Of  Part  Of  The 
Rejection  And  Thermal  Losses  in  a  steam  engine.  The  three 
causes  of  cylinder  condensation  are:  (1)  The  natural  mixing 
of  the  supplied  steam  with  the  colder  steam  in  the  clearance 
space.  This  can  be  greatly  reduced  by  using  high  compres- 
sion pressures.  (2)  Alternate  exposure  of  the  cylinder  walls  to 
the  live  steam  and  exhaust  steam.  Condensation  due  to  this 
cause  is  partly  avoided  by  compounding  and  use  of  the 
uniflow  principle.  (3)  Radiation  of  heat  through  the  cylinder 
walls.    This  is  considered  a  thermal  loss  (Sec.  309). 

Note. — Jacketing  (Fig.  359)  Prevents  Such  Condensation  In 
The  Cylinder  Proper  As  Is  Due  To  Radiation.  However,  condensa- 
tion takes  place  in  the  jacket,  and  often  exceeds,  in  amount,  the  saving 
due  to  no  condensation  in  the  cylinder  proper.  Jackets  are  useful  in 
keeping,  cylinders  warm  or  warming  them  up  in  starting. 

308.  Where  The  Exhaust  Steam  Can  Be  Economically  Used 
For  Heating,  the  rejection  losses  arc  of  little  consequence. 
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Many  power  plants  which  furnish  both  power  and  heat  use 
large,  simple  slide-valve  engines  and  make  few  provisions  for 
reducing  rejection  losses.  The  power  plant  may  then  be 
50  to  80  per  cent,  efficient  because  the  exhaust  steam  is  used 
for  heating.  The  plant  then  has  no  rejection  losses — only 
mechanical  and  thermal  losses.  The  performance  of  the 
engine  itself  is  no  better  under  these  conditions  than  if  the 
rejected  heat  were  lost  but  the  expense  of  the  rejected  heat 
cannot,  when  the  exhaust  is  used,  be  charged  to  the  engine  asit 
can  when  the  live  steam  is  used,  for  power  only. 


Explanation. — The  advantage  of  using  nn  engine's  exhaust  steam  f"1 
heating  where  both  power  and  heat  are  desired  may  be  understood  Iff 
comparing  Fig.  :K>1  with  Fig.  3B2.  In  Fig.  361,  it  is  shown  that,  with  the 
exception  of  boiler  Wscs  and  small  piping  losses,  P,,  nearly  all  of  t^ 
heal,  Hit  imparled  to  the  steam  in  the  boiler  appears  either  as  work  at »» 
useful  heat.  In  Fig.  3112,  part  of  the  steam,  fli,  is  used  direr  tly  tar  hetti* 
and  the  rest,  K:,  for  operating  a  condensing  engine.  There  is  then* 
large  heal,  loss  in  the  condenser.  Lew  power  is  developed  by  the  Ffc 
'MV>  arrangement  and  les<  heal  is  available  from  the  same  original  supply 
than  is  available  with  the  arrangement  shown  in  Fig.  361.  Thiut  it  i* 
evident  that  although  theellicicney  of  an  engine  may  below,  the  efficient? 
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The  Principal  Method  Of  Reducing  Thermal  Losses 
employing  hm(  insulation  or  lagging  on  the  cylinder 
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the  steam  on  one  side  and  the  air  on  the  oilier,  thej  condui  ! 
much  heat  from  the  steam  to  the  air.     A  layer  of  poi 

metalic  material  Buch  as  magnesite,  asbestos,  or  diatomac * 

aarth  [L,  Fig.  363)  is  packed  around  tbe  cylinder  waSa  it 

reduce    radiation.     Tlie    transmission    of    steam    from    onr 
point  to  another  always  involves  a  thermal  los.s. 
that  transmitting  any  form  of  energy  involves  a  lot 
trated  by  the  losses  in  the  electric  circuits  of  Fig.  364. 


—Showing  energy  balance  (loam*  and  umfnl  rnrrio  I  in  tj|Jia1  rl. 
energy  distribution  clrcuiU  baaed  on  a  chart  bon  I'uurr  (The  heavy  Injur™  rail 
i'ii'  rtv  luat  or  tued  in  Briliib  thermal  units  per  pound  of  eoat  In!  in  the  turns™ 

.in    a    n.al    which    has  a  heating  value  i.f  13,54.1   J!  '         

indicate  pcrccutaaci  nl  the  lolal  heat  The  calculations  net*  wade  on  the  but 
the.  gi-hrratur  hi  supplying  power  to  only  onr  of  the  three  ulnniMa  nUTw  the  rm 
•Imp.  the  street  railway,  or  tbe street  lamps.    Should re  than  one  einvil  bcinwii 


310.  The  Two  Principal  Methods  Of  Reducing  Mechanical 
Losses  In  An  Engine  mr:  (1)  Designing  the  engine 
minimize  pressures  on  bearing  surfaces. 
tion  (see  Div.  16).     Large  bearings  using  tliick  "il  hav 
friction    than   do  smaller   bearings   using   thinner   oil.     But 
. .  factory    operation,    the   bearing   area   and    i 
I'  the  oil  must   be  such  that  an  oil  film  will  aim  ■ 
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tained  between  the  rubbing  surfaces.  A  vertical  engine  has 
slightly  less  friction  than  a  similar  horizontal  one.  Because 
of  their  vertical  position,  the  rapidly  moving  parts— that  is, 
the  piston  and  crosshead — have  little  tendency  to  press 
against  the  cylinder  and  guides.  An  engine  running  "under" 
(Sec.  32)  has  less  friction  on  the  guides  than  one  running 
"over"  because  when  running  under  the  thrust  of  the  connect- 
ing rod  partially  supports  the  crosshead.  Stationary  engines 
are  commonly  built  horizontally  (Sec.  25)  (because  of  the 
simpler  balancing  and  framework)  and  run  "over,"  in  spite 


Fio.  365.— Shoi 


of  the  differences  in  friction,  as  a  rule  (because  of  the  easier 
maintenance) ;  see  Div.  13.  The  frictional  losses  of  all  engines 
increase  somewhat  with  the  power  which  the  engine  develops 
as  indicated  in  Fig.  365  which  is  taken  from  Gebhardt's  Steam 
Power  Plant  Engineering. 

311.  Engine  Friction  Comprises  Principally:  (1)  Bearing 
friction.  (2)  Valve  friction.  (3)  Gland  friction.  Bearing 
friction  is  reduced  to  a  minimum  by  the  use  of  low-friction 
combinations  of  metals.  Thus,  hard  steel  running  in  babbitt 
metal  for  main  bearings  (Fig.  366)  and  hard  steel  on  bronze 
bushings  for  connecting-rod  bearings  (Fig.  367)  are  widely 
used.  Piston  friction  may  be  reduced  by  means  of  low-friction 
metal  inserts  (Fig.  368)  in  the' wearing  face  of  the  piston. 
Friction  in  slide  and  poppet-valves  is  reduced  by  balancing 
the  valves  (see  Divs.  4  and  5).    Gland  friction  may  be  re- 


:w>  .-7/-.J  u  nxaixK  rnixrrpKEs  axd  practice  idh.  m 

duii-d  l>y  using  metallic-faced  packing  (Fig.  309)  and  other 
low-friction  packings— being  careful  never  to  have  the  packing 
pressed  too  tightly  against  its  rod. 


312.  Mathematical  Methods  Of  Computing  Steam- Engine 
Efficiencies  wit)  Iv  discussed  in  the  remainder  of  this  division. 
The  preceding  sections  considered,  in  a  general  way,  the 
eaitses  of  steam-engine  looses  and  the  common  methods  of 
mtmimjing  litem.    To  calculate  \b  tt  of  changes 
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in  operating  conditions  which  were  previously  mentioned, 
the  mathematical  methods  which  herein  follow  may  be  em- 
ployed. Before  proceeding  consult  the  portions  of  Div.  1 
which  discuss  the  relations  be- 
tween heat  and  work  and  energy 
and  also  those  portions  of  Div. 
12  which  relate  to  efficiency. 

313.  Various  Ways  In  Which 
The  Efficiency  Of  A  Steam 
Engine  Is  Commonly  Expressed 
are  as  follows:  (1)  Based  on 
indicated  horse  power,  it  may  be 
expressed  as:  (a)  Thermal  effi- 
citney  based  on  indicated  horse 
pmer,  E*i  in  Fig.  370.  (6) 
Pounds  of  steam  used  per  indi-  'Springs  HoURrysTcsw 

WW     horse      power      hour.       (c)  Fio.  3UD.— Piston-rod  gland  parkin* 

Pounds  of  coal  burned  per  indi-  {ijj^ij" "^J,1™  '^?  K™""s  '•*»■ 
""W    horse    power    hour,     (d) 

British  thermal  units  per  indicated  horse  power  minute,  (e) 
Thermal  efficiency  based  on  indicated  horse  power  compared  to 
**e  ideal  Rankine  cycle,  also  called  cylinder  efficiency. 


III  Mthm  ~¥  \m 
SLifil1  ||  fill 


Fiu.  370.— Chart  «hoi 


(2)  Based  on  brake  horse  power,  it  may  be  exprei 
(a)  Over-all  thermal  efficiency  or  efficiency  based  € 
hone  power,    E*»   in    Fig.    370.     (6)   Pounds   of  at 
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brake  horse  power  hour,   (c)  Pound*  of  cool    per 
hour,     (d)    British  thermal  units  per  brake  horse  power  hour, 
(e)  British  thermal  units  per  kilowatt  hour.    (J)  Pounds  ej  tool 
per  kilowatt  hour. 

(3)  Mechanical  efficiency,  E,(„  in  Fig,  870. 

Note. — The   .Steam    Conbfmption  is  ordinani' 
engine  on  n  dry-steam  basis.     Engine  manufacturer  a  performance  spo-i- 
ficntions  are  practically  always  computed  on  this  baas.     The  wriglil  "f 
dry  steam  ia  the  weight  of  the  wet  steam  multiplied  by  its  quality, 
expressed  decimally.     A  little  water  suspended  in  the  steam  does  not 
decrease  the  engine  efficiency  when  the  efficiency  is  computed  DB  I  Jff- 
Bteara  basis  (Sec  the  A.S.M.E.  Test  Code  in  See.  381).     Bui 
of  course,   does  no  work.     Hence,   when   an  accurate  dstcfn 
being  made,   the   presence  of  the  water  must  be   con«idered  and  ll" 
apparent  efficiency  decreased  accordingly.     In  any  out,   '■'■■- 
ia  proportional  to  the  quality  of  the  steam. 

Note.—  The  "Theoretical  Efficiency"  Defined  In  Div,  1  ii 
very  nearly  equal  to  the  thermal  efficient)/  as  shown  in  Fir.  370,  Tin 
"theoretical  efficiency"  in  Div.  1  includes  a  smull  amount  of  loesc*  l>y 
radiation  from  the  engine  whereas  the  thermal  efficiency  includes  utdj 
the  net  indicated  work.  The  ''theoretical  efficiency"  is  nol 
computed  in  power  plant  testing. 

314.  The   Ideal    Rankine    Cycle    Is   Frequently    Used  In 
Steam -Engine  Testing  As  A  Standard  Of  Engine  Performance. 

(See  note   below  and  also  the   author's  Practtcji 

The   ideal   Rankine   cycle   {Sec.  8;   also  called  tl 

cycle)  ia  the  most  nearly  perfect  cycle  upon  which 

cial  steam  engine  can  operate.     It  is,  therefore,  the  logic*! 

cycle  with  which  to  compare  steam-engine  perform 

mechanically  perfect  engine  without   friction,   without  dttl 

ance   losses,    with    perfectly    non-conducting   cylinder  wi 

and  which  expanded  the  steam  Fn jcaetly  t]m>nlf  pn  --m. 

in  (>x:n'11y  hack  pressure,  would  develop  all  of  the  power  of  ll 
ideal  cycle  (sec  Fig.  7).     Since  no  actual  engine  can  have  all 
these  i  liarncteristics,  no  cnntnc  can  have  as  | 
a  •  i  lie  ideal  Rankine  cycle  on  which  ii  opei 

Note.— A  Rankine  Ctcix  Mat  II  Un  Still 

Ideal.     That  is,  clearance  docs  not  inv.i.  :■:.■,(  i-i-mprtami 

ia  bo  limed  that  the  steam  in  the  drain 
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pressure.     Thus  I  and  II  (Fig.  371)  show  ideal  performance  but  III, 
having  terminal  drop,  T,  is  less  efficient. 

Note. — An  Engine  Cycle  is  understood  to  mean  the  scries  of  repeat- 
ing processes  which  occur  in  the  engine  cylinder.  The  cycle  is  con- 
veniently pictured  on  the  indicator  diagram,  which  is  thus  a  cycle 
diagram.  Thus,  in  a  practical  steam  engine  the  cycle  diagram  is  com- 
posed of  (as  shown  in  Fig.  88)  an  admission  line,  a  steam  line,  an  expansion 
line,  a  release  line,  an  exhaust  line,  and 
a  compression  line.  Moreover,  the 
exact  cycle  of  any  particular  steam 
engine  is  further  determined  by  the 
pressure  variations  along  each  of 
these  lines. 


I- Original   Ideal 
Rankine  Cycle 


I    .•- Clearance 


II- Ideal  Rankine 
Cycle  With 
Clearance 
INo  Loss) 


HI- Modified  Rankine 
Cycle.  Terminal 
Drop  Involves  Loss 

T 


I. 


Fig.  371.  —  Showing    two   forms   of 


315.  To  Compute  The  Effi- 
ciency Of  The  Ideal  Rankine 
Cycle  for  any  set  of  operating 
conditions,  use  the  following 
formula: 

(29)  Edt  =  -ft r/^  (a  decimal) 

tin  —  tii2 

Wherein:  Ed<  =  the  thermal 
efficiency  of  the  ideal  Rankine 
cycle,  expressed  decimally.  Hn 
=  the  total  heat  per  pound  of 
steam  as  admitted  to  the  engine.    the  ideal  Rankine  c>clc  anti  modified 

Rankine  cycle. 

Ht2  =  the  total  heat  per  pound 

of  steam  as  exhausted  from  the  engine,  assuming  that  it 
expands  adiabatically  from  the  conditions  of  II  n.  II t2  =  the 
heat  of  liquid  at  the  temperature  and  pressure  at  which  the 
steam  is  exhausted. 

Derivation. — In  general,  thermal  efficiency  =  heat  converted  into 
work  -*-  heat  input.  The  heat  converted  into  work  in  the  ideal  Rankine 
cycle,  since  there  is  no  thermal  loss,  is  the  difference  between  the  heat 
present  in  the  steam  admitted  and  that  present  in  the  steam  exhausted — 
or  Ht\  —  Hit.  The  heat  input  is  the  amount  of  heat  which  must  be 
supplied  to  the  water  at  the  exhaust  temperature  to  convert  it  to  steam 
at  the  admission  temperature  and  pressure,  namely  (Hn  —  Hi2).  Hence 
the  efficiency  =  heat  converted  into  work  ■*•  the  heat  input  =*  (Hn  —  //,2) 
-*-  (Hn  -  Hn). 

Examples. — Compare  the  efficiencies  of  ideal  Rankine  cycles  under 
the  following  conditions:  (1)  95  per  cent,  quality  steam  at  100  lb.  per 

20 
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«,.  in.  :ilis.  ami  211  Ih.  per  sc(,  in.  tilix.  back  pressure.  <2j  Katnnit.il 
steam  at  I'"'  "•■  I"'r  "Q-  '"•  "'>*■  '"  l  »'>■  P'(r  *!■  i»-  '■""''  |»r«Wir*  [:li 
Siperhcnlcd  steam  at  175  lit.  pi-r  so,,  in.  aba.  and  200  ilcg.  fahr.  siipcrhrel 
to  1  lb.  per  *)-  in-  "!>«■  Iwek  pressure. 

SOLrnoss. — Find  the  total  heats  from  n  total- heat -entropy  chartnr 
temperature-entropy  chart  Mich  as  that  found  in  the  author's  Practical 
Heat  and  find  the  heata  of  liquid*  from  the  steam  table.  By  For.  (ffll, 
the  thermal  efficiency,  R<,  -  (W,i  -  ff„V(ff„  -  //„)  or: 

For  condition  0),      B,,  =•   (1138    -  1025)  +  (1138  -  190)  =  0.120 
-  liO  per  ""'■ 
For  condition   (2),  &»  -  (1197  -  809)  -s-  (1197  -  70)  =  0.291  -29.1 


prr  ■.***. 


i   (3.).  E,,  -  (1307  -  937)  -5-  (1307  -  70)  =  0.299  =  29.0 


■>•  x«\f  'lF  T||e  Lmicid  At  Thb  Temperature  0^* 

«,     jk>\  Vs  A  Hasik  In  Calai'I-atino  Efficiency  may" 

.    wiiitt  to  Fin.  372.     The  cxlmus  8 team  is,  or  may  he- 

._.,.■«»;  a."  thf  l«>iler  ns  feed  water.     The  heat  which 

__    .     ■*  ia:rr  to  convert  it  into  steam  at  the  condition 

...    i%.rnip«iei<>  thus  added  b.V  the.  boiler  to  that  already 

„_   wcr      Actually  the  feed  may  l>e  returned  at  a 

._,«iKWf  than  that  of  the  engine  exhaust  because  of 

„«.*•«•-    '■  **«*  Bains  ">  •'«  heater,  F;  but  such  teni- 

t    ...    -uMwiered  to  lie  due  lo  the  other  power  plant 

h    inline  itself.      If  (lie  exhaust   steam  were 

„..■.. ttr»Wr cooled  after  condensation— then  (he 

„.._     N141N  temperature  ;is  hits  the  exhaust  steam; 
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$18.  To  Compute  The  Theoretical  Water  Rate  Based  On 

Ik  Ideal  Ranlrine  Cycle  (also  called  the  Kankine  water  rate) 

ne  the  following  formula: 

2545 

(30)  W,  =  7/ jt  (lb.  per  h.p.  hr.) 

tin  —  ttti 

Wherein:  W,  =  weight  of  steam,  in  pounds,  used  per  horse 

power  hour,  or  the  water  rate.     Ht\  =  the  total  heat  of  steam 

;   per  pound  as  admitted  to  the  engine.     II  u  =  the  total  heat  per 

pound  of  steam  as  exhausted  from  the  engine,  assuming  that  it 

expanded  adiabatically  from  the  conditions  of  i/n. 

Dbbivation. — There  are  778  ft.  lb.  in  1  B.t.u.;  also  there  are  33,000 

X  60  ft.  lb.  in  1  h.p.  hr.     Therefore,  there  are  33,000  X  60  -^  778  =  2545 

&t>u.  in  1  h.p.  hr.  output.     But  from  each  pound  of  steam  there  are 

•hstracted  by  the  expansion  (Htl  —  Hf2)  B.t.u.     That  is,  the  heat  input 

Averted  into  work  is  the  difference  between  the  heat  contents  of  the 

•dmitted  and  the  exhausted  steam.     Therefore,  the  number  of  jnunds 

°f  *kam    required  for    each    horse    power  fiour  =  2,545  -r  (II  n  —  II  n). 

Example. — What  is  the  theoretical  water  rate  of  an  engine  operating 

011  98  per  cent,  quality  steam  at  165  lb.  per  sq.  in.  abs.  and  exhausting 

**  212  deg.  fahr.     Solution. — By  the  temperature-entropy  chart,  the 

ktal  heats  are,  respectively,  1175  and  1005  B.t.u.     By  For.  (30),  the 

r*Ur  rate,  W.   -  2545/ (#n   -  //„)   =  2545  +  (1175  -  1005)  =  15.0 

K   fer  h.p.  hr. 

317.  To  Compute  The  "Thermal  Efficiency  Of  An  Engine 
^.sed  On  Indicated  Horse  Power,"  use  the  following  formula: 

^  1)  E«w  =  W^CHn-Hn)  ^  (,ecimal) 

^herein :  £<*<,  =  the  thermal  efficiency  of  an  engine,  expressed 
^cimally,  based  on  indicated  horse  power.  W,»  =  the  actual 
height  of  steam  consumed,  in  pounds  per  indicated  horse 
*ower  per  hour  as  shown  by  test  (Div.  12).  II n  =  the  total 
*eat  per  pound  of  the  steam  as  admitted  to  the  engine. 
£//*  =  the  heat  of  liquid  as  found  in  a  steam  table,  at  the 
temperature  of  the  engine  exhaust. 

Derivation. — Always  the  efficiency  =  the  output  -*-  the  input.     The 
leat  equivalent  of  one  indicated  horse  power  hour  output  of  work  is 
J545  B.t.u.     The  heat  " input"  consumed  by  the  engine  in  producing 
his  2545  B.t.u.  of  work  output  is  the  weight  of  steam  used  (W.j)  mult; 
died  by  the  heat  brought  from  the  boiler  by  each  pour  " 
»r:  W*(J/ii  —  Hit).    Hence    the    efficiency,    Edu  -  out 
!545  +  W*(ffii  -  Ha). 
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Note. — Now  when  the  steam  admitted  is  dry  and  saturated,  lis  total 
heat  may  be  found  in  a  saturated  steam  table;  when  superheated,  it  may 
be  found  in  a  superheated  steam  table.  Its  heat  for  any  condition  may 
be  found  on  a  total-heat-entropy  chart  or  a  temperature-entropy  chart 
Also,  when  wet  (as  is  usually  the  case)  the  total  heat  may  be  calculated  by 
the  following  formula: 

(32)  Hn  -  xdHv  +  Hi  (B.tu.  per  lb.) 

Wherein :  xd  —  the  quality  of  the  steam,  expressed  decimally.  ff»  s 
the  latent  heat  per  pound  of  steam.  Hi  —  the  heat  per  pound  of  liquid 
at  the  steam  temperature.  Also  the  total  heat  of  steam  when  super- 
heated may  be  calculated  from  the  following  formula: 

(33)  //a  -  Hd  +  TnCm  (B.tu.  per  lb.) 

Wherein:  Hd  =  the  total  heat  per  pound  of  dry  saturated  steam  at  the 
same  pressure.  Cm  =  the  mean  specific  heat  of  the  superheated  steam 
as  taken  from  a  mean  specific  heat  chart  such  as  that  found  in  the  author's 
Practical  Heat.  Tn  =  the  number  of  degrees  Fahrenheit  of  superheat. 
Example. — What  is  the  thermal  efficiencjr  of  an  engine  which  uses 
30  lb.  of  05  per  cent,  quality  steam  at  100  lb.  per  sq.  in.  abs.  The 
temperature  of  the  exhaust  is  228  deg.  fahr.  Solution. — The  total 
heat  of  the  wet  steam,  H  „  =  xdHv  +  Hi  =  0.95  X  888  +  298  =  1142 
B.t.u.  The  thermal  efficiency,  Edti ;  =  2545/W.<(tf«i  -  Hn)  =  2545 
^  30  X  (1142  -  190)  =  0.090  =  9.0  per  cent. 

318.  The  Water  Rate  Of  A  Steam  Engine  Is  Usually  Taken 
As  A  Measure  Of  Its  Economy. — Although,  as  shown  by 
For.  (30),  the  water  rate  is  not  really  a  measure  of  its  effi- 
ciency— the  efficiency  of  an  engine  depending  also  on  the 
state  of  the  steam  supplied  to  it  and  the  pressure  at  which  it 
exhausts — the  water  rate  is  more  useful  than  the  efficiency 
when  the  economy  of  the  entire  plant  is  considered  in  conjunc- 
tion with  the  performance  of  the  engine.  This  may  be  a 
fallacy  arising  from  the  manner  in  which  plant  operation  is 
usually  computed;  but,  since  no  better  method  of  calculation 
has  yet  been  devised,  and  since  the  wrater  rate  method  is 
comparatively  simple,  this  method  will  be  followed  in  later 
divisions.  The  simplicity  .of  the  water  rate  method  of 
computing  plant  economy  arises  from  the  facts  that:  (1)  The 
water  rate  of  an  engine,  when  operating  under  certain  steam 
pressures  and  temperatures,  is  independent  of  what  further 
use  is  made  of  the  steam  after  it  leaves  the  engine.  (2)  The 
water  rate  of  an  engine  usually  determines,  very  nearly,  the 


p 
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amount  of  steam  which  must  be  generated  in  the  boiler  and, 
therefore,  the  size  of  the  boiler.  (3)  The  water  rate  is  more 
directly  tneasureable  from  the  readings  of  instruments  (see  Div. 
12).  The  efficiency  is  usually  determined  from  the  same  readings 
but  involves  further  calculation.  (4)  The  water  rate,  when 
considered  in  combination  with  the  steam  pressures  and  tem- 
peratures, gives  an  experienced  engineer  a  good  idea  of  the 
engine's  efficiency.  However,  one  must  not  lose  sight  of  the 
fact  that  the  water  rate  alone  does  not  give  a  complete 
indication  of  efficiency. 

Example. — Assume  that  engine  No.  1  uses  25  and  engine  No.  2,  23  lb. 
<rf  steam  per  indicated  horse  power  hour.  Engine  Xo.  1  operates  on 
saturated  steam  at  100  lb.  per  sq.  in.  abs.  and  exhausts  against  5  11).  per 
«q.  in.  gage  back  pressure.  Engine  No.  2  operates  on  saturated  steam 
At  190  lb.  per  sq.  in.  abs.  and  exhausts  condensing  at  2  lb.  per  sq.  in.  abs. 
Compare  their  thermal  efficiencies.  Solution. — By  For.  (30)  the  thermal 
efficiency,  E«  -  2545/W^  (Hn  -  ///*)  =  2545  -r-  25(1186  -  1%)  =  10.3 
Per  cent,  for  engine  No.  1.  Erf<t  =  2545  +  23(1197  -  94)  =  10.0 
Percent,  for  engine  No.  2.  Therefore  engine  No.  2,  although  it  uses  less 
rteam,  has  a  lower  thermal  efficiency  than  engine  No.  1. 

319.  The  Efficiency  Of  An  Engine  Compared  To  The 
Ideal  Rankine  Cycle  (often  called  the  Rankine  cycle  ratio 
or  cylinder  efficiency)  is  the  ratio  of  its  actual  thermal  efficiency 
to  the  efficiency  of  the  ideal  Rankine  cycle  for  the  same  operat- 
ing conditions.     Or,  as  a  formula: 

(34)  Rankine  cycle  ratio  =  Actual  thermal  efficiency  +  Rankine 
cycle  efficiency. 

Example. — The  efficiency  of  the  ideal  Rankine  cvcle  under  conditions 
(1)  Sec.  315,  is  12  per  cent.  The  actual  thermal  efficiency  under  the 
flame  conditions  (Sec.  317)  was  9  per  cent.  The  Hankim*  cycle  ratio 
is  then  9.0  -*-  12.0  =  0.75. 

320.  A  Table  Showing  Typical  Values  Of  The  Rankine 
Cycle  Ratios  For  Engines  Of  Different  Types  (from  Marks' 
Mechanical  Engineers'  Handbook): 

i  i 

Type  of  engine  ;       Condensing       \    Non-condensing 


Simple I  0.4  I  0.6 

Compound !  0.5  !  0.65 

Triple-expansion 0.0 
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321.  The  Mechanical  Efficiency  Of  An  Engine  is  the  ratio 
of  its  brake  horse  power  to  its  indicated  horse  power.  The 
two  horse  powers  are  understood  to  be  measured  simultane- 
ously (see  Div.  12). 


Pbkp 


(35)  Edm  =  ^  (a  decimal) 


Wherein:  Edm  =  the  mechanical  efficiency  of  the  engine, 
expressed  decimally.  PwkP  =  the  brake  horse  power.  Pap 
=  the  indicated  horse  power  developed  at  the  same  time 
during  which  P&*p  was  delivered.  For  other  relations 
between   indicated  and  brake  horse  powers,   see  Sec.  127. 

Example. — An  engine  delivers  227  brake  horse  power  while  the  indi- 
cated horse  power  is  235.  What  is  the  mechanical  efficiency?  Solu- 
tion.— By  For.  (35),  the  mechanical  efficiency,  Edm  =  Pmp/P,ap  =  227 
+  235  =  0.960  =  96.6  per  cent. 

322.  The  Over-All  Efficiency  Or  "Thermal  Efficiency 
Based  On  Brake  Horse  Power"  is  computed  in  the  same  way 
as  that  based  on  indicated  horse  power  except  that  the  water 
rate  per  brake  horse  power  is  used.     Thus,  For.  (30)  becomes:. 

2545 
(36)  Erfrt  =  Wj6(//n  _  Rii)  (a  decimal) 

Wherein:  Etilb  =  the  thermal  efficiency,  decimally  expressed, 
based  on  brake  horse  power.  W,6  =  wfeight  of  steam  con- 
sumed per  brake  horse  power  hour.  Jin  =  the  total  heat  pcr 
pound  of  steam  as  admitted  to  the  engine.  Hit  =  the  heat 
of  liquid  per  pound  at  the  temperature  of  the  exhaust. 

Example. — An  engine  uses  16  11).  of  steam  per  brake  horse  power  hour- 
If  the  total  heat  of  steam  as  admitted  to  the  engine  is  1190  B.t.u.  p?r 
11>.,  and  the  heat  of  liquid  at  exhaust  temperature  is  90  B.t.u.  per  lb. 
what  is  the  over-all  efficiency  of  the  engine?  Solution. — By  For.  (36). 
the  over-all  efficiency,  E,m  =  2545/W,fc(//,l  -  Hit)  =  2545  ^  16(1190 
-  90)  =  0.145  =  14.5  per  cent. 

323.  The  Other  Measures  Of  Engine  Efficiency  given  in 
See.  IMS  are  found  by  test  or  may  be  computed  as  follows: 
The  British  thermal  units  per  brake  or  indicated  horse  power 
hour  may  be  computed  by  multiplying  the  number  of  pounds  of 
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steam  used  per  horse  power  per  hour  by  the  total  heat  of 
«team  as  admitted  minus  the  heat  of  liquid  of  the  exhausted 

steam.    Kilowatt  hour  values  may  be  found  by   applying 

the  relation  1  h.p.  =  0.746  kw.     Thus: 

(37)  B.t.u.    per   i.h.p.  hr.  =  Wti(Hn  —  Hn) 

(38)  B.t.u.    per  b.h.p.  hr.  =  W*(H*  -  Hit) 

(39)  B.t.u.  per  i.h.p.  min.  =  Wai(Ht2  -  ///2)/60 

(40)  B.t.u.  per  b.h.p.  min.  =  Wsb(Htl  -  //«)/60 

8ee  the  author's  Steam  Turbine  Principles  And  Practice  for 
discussion  of  the  reasons  for  expressing  the  performance  of  the  steam 
engines  and  turbines  in  so  many  different  ways,  and  for  an  explanation 
of  the  significance  of  and  relationship  between  the  Rankine-cycle 
tfieicncy,  Rankine-cycle  ratio,  and  thermal  efficiency. 

Note. — The  Following  Tables  Show  Efficiencies  And  Per- 
formance Of  Steam  Engines  Under  Various  Operating  Conditions. 
These  tables  are  taken  from  Gebhardt's  Steam  Power  Plant  Engineer- 
ing published  by  John  Wiley  and  Sons,  New  York. 
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325.  Table  Showing  Economies  Of  Multi-Expansion  Eo- 


Wildwood.  P.. 


En*  Ntn.  May  4,  1S99.  p 


1  19)i,  &,t»X-HH 


.,  May  16.  1890, 


Untie  Mill!.  Providence 
Leavitt    puniing   e.ni.if,    I-o 

villr,  Ky.. 
Hire  A  Surm-iit  Corliw,   An 

Sugar  Refinery.  Brooklyn. 


A.S.M.E..     Vol.     24.  20.  40  X 

A     S.M.E..    Vol.    25,  |       IS.  40*i  X 


Power.  Oct..  19(13.  p.  5S3  . 
Barru*.  F.ng.  Trots,  p.  loo.  . 
Power.  July.  19(M.  p.  24... 


11  A  Wood  Co.  Corliss.  W.  Al-  ' 

bany  St.  ,  X  V  C  A  II   R.K.I  Te.1  by  Company  F.ngiu. 

iIIidi Prabody,  Thi-i-mwlyn.nl i 
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QUESTIONS  ON   DIVISION   10 

1.  Explain  why  only  a  small  part  of  the  total  theoretical  heat  contained  in  steam  nw} 
he  utilised  in  a  steam  engine. 

2.  Explain  why  the  greatest  thermal  efficiency  does  not  always  result  in  the  lowest 
total  power  cost. 

5.  Is  it  usually  possible  to  greatly  increase  the  efficiency  of  an  engine  which  is  already 
in  good  repair?     Why? 

4.  What  class  of  losses  in  a  steam  engine  tends  to  increase  at  over  loads?  What 
classes  are  proportionately  larger  at  light  loads? 

0.  Name  several  methods  of  decreasing  percentage  rejection  losses. 

6.  What  mainly  determines  the  boiler  pressure  which  is  ordinarily  used  for  steam 
engine  service? 

7.  What  are  three  principal  causes  of  cylinder  condensation? 

8.  Why  may  a  steam-engine  power  plant  be  practically  more  efficient  when  both  beat 
and  power  are  desired  than  when  the  steam  is  generated  for  power  purposes  only? 

9.  What  is  the  principal  method  of  reducing  thermal  losses  in  a  steam  engine? 

10.  What  method  of  reducing  mechanical  losses  is  applicable  to  an  existing  steam- 
engine  installation? 

11.  What  measures  are  taken  to  reduce  gland  friction?  Bearing  friction?  Pistoo 
friction? 

IS.  Explain  by  a  diagram  the  relation  between  various  standards  of  engine  efficiency. 

15.  What  effect  on  efficiency  has  a  moderate  amount  of  water  in  the  steam  admitted 
to  a  steam  engine? 

14.  Why  is  engine  performance  compared  to  the  ideal  Rankine  cycle?  Name  oof 
modification  of  the  original  ideal  Hankine  cycle  which  is  necessary  in  practice  but  which 
docs  not  involve  a  loss.     One  which  does. 

10.  Explain  why  the  heat  of  liquid  at  the  temperature  of  the  engine  exhaust  is  taken 
as  a  basis  in  engiuc-efficieiicy  calculations. 

16.  What  is  the  Kankinc-cyclc  nttio  of  an  engine?  What  other  expressions  are  used 
to  designate  thi>  same  ratio? 

PROBLEMS  ON  DIVISION  10 

1.  What  is  the  efficiency  of  the  ideal  Rankine  cycle  operating  on  99  per  cent,  quality 
steam  at  2<M>  lb.  per  sq.  in.  abs.  and  exhausting  at  212  deg.  fahr? 

5.  What  is  the  theoretical  water  rate  of  an  engine  operating  on  steam  at  a  total 
temperature  of  550  dig.  fahr.  and  a  pressure  of  150  lb.  per  sq.  in.  gage?  The  exhaust 
pressure  is  l.."»  lb.  per  sq.  in.  abs. 

5.  What  i>  the  thermal  efficiency  of  an  engine  which  uses  18.5  lb.  of  steam  per  indicated 
horse  power  hour  ami  o|»er»ti->  on  '.»>  per  cent  quality  steam  at  175  lb.  per  sq. in. abSt 
cxhauMing  at  atmo>plu  ri«-  prt-ssMire* 

4.  If  the  engine  in  I*robi<  v..  1  iws  25  lb.  of  steam  per  indicated  horse  power  hour,  what 
is  its  Raukine-cyclc  rat :<>■* 

0.  What  if  the  mechanical  enVwncy  of  an  engine  which  delivers  175  brake  horsepower 
while  showing  I'.»>  i.h  p  "* 

6.  What  i^  the  o\er-.i:l  *:*\  ur.t  \  of  an  <r.ginc  which  use*  17.4  lb.  of  steam  per  b.h.p. 
hr  ?  The-  steam  has  l«*»  *ie«  fahr  >*.:p*'rheat  at  17>lb.  per  sq.  in.  abs.  and  is  exhausted 
into  a  eondeiiM-r  wh:»-h  ha>  27  *.n   o:  t'.trvury  vacuum  when  the  barometer  reads 29.8 in. 

7.  How  many  Hr:::.»h  t'r  «r :»::»'.  u:^:>  ;vr  brake  horse  power  are  used  by  the  engine  in 
Problem  t»?  Hi»»  ;i.a:;\  Hr:::-*.  :K-:\.»!  .;:nts  are  uxxi  i*er  kilowatt  hour  of  mc^anwal 
power  develo|»ed* 

8.  l\wnpar»-  :?..■  !h«:::-.al  «!* .-;c  •*.-.»•*  i^~  l»  riHET"01*  u**n*  **  N*.  °'  steam  P« 
indicated  h  —  p,.w.  r  .  :25  lb  r  ^^■ttttt*  otber  181b.  at  225  lb.  per 
>.}    i:.    »l*<       H.-'1.  i\l.i,>'  >•  .ur  B^BB^BVm  amt«rated  steam. 
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DIVISION  11 
STEAM  ENGINES  OF  MODERN  TYPES 

327.  The  Material  Here  Given  On  "Steam  Engines  Of 
Modern  Types"  (see  also  Table  337)  will  outline  the  principal 
constructional,  operating,  and  economic  characteristics  of  the 
different  types  of  modern  engines.  For  each  type  there  will, 
insofar  as  is  feasible,  be  given  information  relating  to  the  valves, 
their  control,  the  speed  in  revolutions  per  minute,  the  type 
of  governor,  particular  advantages,  performance,  and  initial 
cost  (Sec.  338).  This  information  must,  of  necessity,  be 
general  because  of  the  many  engines  in  each  class  and  their 
widely  different  characteristics.  It  is  hoped  that  this  infor- 
mation will  provide  a  suitable  basis  for  selecting  the  proper 
type  and  size  of  engine  for  a  given  service.  The  problems  of 
selection,  however,  will  be  discussed  in  Div.  15. 

328.  Rotary  Steam  Engines  (Fig.  373)  differ  from  recipro- 
cating engines  in  that  the  piston,  or  its  equivalent,  in  the 
rotary  engine  rotates  about  the  cylinder  axis.  The  steam 
pressure  forces  the  piston  around,  just  as  in  the  reciprocating 
engine  the  pressure  forces  the  piston  ahead.  In  this  way  the 
rotary  engine  differs  from  the  steam  turbine  because  in  the 
turbine  the  momentum  of  the  steam  is  imparted  to  the  rotat- 
ing member.  Rotary  engines  when  new  and  well  made  usually 
have  steam  rates  of  60  to  125  lb.  per  i.h.p.  hr.  Since,  due  to 
their  construction,  it  is  difficult  to  take  up  wear  in  rotary 
engines,  and  since  the  chances  for  steam  leakages  arc  exces- 
sive, rotary  engines,  after  they  are  used  for  a  short  time, 
consume  a  great  amount  of  steam  which  simply  passes  through 
the  engine  without  doing  work.  For  this  reason,  although 
they  possess  many  apparent  advantages,  rotary  engines  cannot 
compete  with  even  the  most  wasteful  reciprocating  engines. 
Since  they  do  not  constitute  a  class  of  commercially  useful 
steam  engines,  rotary  engines  will  not,  except  as  in  the  explana- 
tion below,  be  discussed  further  herein. 

?19. 
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—The  operation  of  the  rotary  steam  engine  is  illustrated 
in  Fig.  373.  Assume  that  at  the  instant  when  steam  is  admitted,  tbt 
piston,  Ali,  stands  as  shown  in  /.  The  pressure  of  tbe  steam  acting  on 
A  exerts  a  force  which  is  indiiMted  by  the  small  arrows.  This  force  will 
rotate  the  rotor,  R,  to  which  A  is  secured.  After  position  //  is  reached, 
piston  B  automatically  closes  the  space  behind  A  so  that  no  more  steam 
is  admitted.  However,  steam  is  now  admitted  below  B.  The  steam 
above  Ali  still  acts  on  piston  A  and  tends  to  rotate  ft.  This  steam  will 
expand  slightly  as  R  rotates  from  position   //  until  AB  is  horizontal. 


Then,  however.  Hie  steam  above  AB  is  a  Rain  compressed  as  ft  approach** 
imsition  ///.  Here  A  is  about  to  open  the  passage  for  the  steam  into  lb 
imtlel.  Position  IV  shows  the  steam  exhausting  from  the  cylinder. 
[(  is  evident  that  in  this  engine  work  is  done  by  the  steam  by  virtu* 
of  direct  pressure  only — there  is  practically  no  expansion.  It  is  obvious 
also  that  unless  a  tight  joint  is  kept  between  the  cylinder  and  rotor  at  C 
positions  II.  III.  will  IV,  steam  can  blow  from  the  inlet  to  the  out  let 
pipe  without  doing  any  work.  The  difficulty  of  keeping  tight  joints 
at  f' and  at  I  he  ends  of  I  he  pistons  is  the  most  objectionable  feature  of  tbt 
rotary  engine. 


'•• 
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.  Simple  Single-Valve  Engines  (Fig.  :i71)  are  made  is 
t  umber  nf  sty-lee  in  tiiee  from  2  to  900  li.p. ;  see  Table 
Tin  speeds  vary  from  about  600  to  lfiOr.p.m.;  the  piston 

,  however,  remains  nearly  the  same  for  nil  engine*— 


,"prr  minute  (f.p.m.)  being  an  average  value, 

is  nol    uin'ommon.     These   engines   an 

i  either  piston  (Fig.  375)  or  balanced  slide 

i,  in  the  very  small  sizes,  plain  D-slide  valve.- 

tlM'd;    see    Table    337.      Simple 

iperiite  iih  stciitn  at   pressures  belo 
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pet    '|.  hi.  gage,  and  no   more  than  50  deg.  of  BUpcrimti 
although  the  piston-valve  engines  mas   aafelj   hi 


shaft    governors.     They    are    seldom    operated    Im-m 

in  fact,  they  are  most,  widely  used  where  fuel  ia  \vi\  ufaeaj 
where  large  quantities  of  exhausl  sjj^y^ii'v  needed  fox  b 
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°r  manufacturing  purposes.  They  live,  compact,  simple  in 
instruction  &ud  operation,  and  low  in  first  cost.  As  is 
8hown  by  Fig.  376,  the  steam  consumption  varies  little  at 
loads  ranging  from  50  to  125  per  cent,  of  rated  full  load, 
out  is  much  higher  at  small  fractional  loads.  At  full  load,  the 
steam  consumption  varies  for  different  engines  from  26  to  50 
lb.  per  i.h.p.  hr.  depending  on  the  cylinder  size  and  initial 
steam  pressure.  A  good  average  value  may  be  taken  as 
30  lb.  per  i.h.p.  hr.  The  most  advisable  cut-off  when  running 
non-condensing  is  about } 3  to  }±  stroke. 

Note. — Portable  Slide-Valve  Enojnks  are  those  which  are  intended 
for  use:  (I)  Upon  a  portable  boiler  which  may  be  mounted  on  skids  (Fig. 
377)  or  on  whee.lt.  (2)  Upon  only  a  temporary  foundation  which  it  usually 
made  of  timbers.  A  portable  engine  is  usually  furnished  with  a  portable 
boiler — the  two  form  a  small  portable  power  plant.  Portable  engine 
and  boiler  units  are  built  in  sizes  up  to  about  75  h.p. 

330.  Compound  Single-Valve  Engines  (Fig.  378)  are  gen- 
erally used  where,  during  a  part  of  the  year,  their  exhaust  is  to 


be  used  for  heating,  but  at  other  times  they  are  to  operate 
condensing.  They  are  also  often  used  where  the  initial  steam 
pressure  is  over  125  lb.  per  sq.  in.  The  steam  pressure  at  the 
throttle  may  run  as  high  as  200  lb.  per  sq.  in.  but  the  tempera- 
ture should  not  exceed  400  deg.  fahr.,  with  fiat  slide  valves. 
Compound  single-valve  engines  are  nearly  always  equipped 
with  shaft  governors  which  regulate  the  steam  supply  to  the 
high-pressure  cylinder,  whereas  the  low-pressure  cylinder  has 
its  valve  driven  from  a  fixed  eccentric.  Compound  single- 
valve  engines  are  generally  built  in  both  tandem  and  cross 
types  and  in  sizes  up  to  1200  h.p.;  see  Table  337.     Figs.  379  to 
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381  show  the  steam  consumption  for  these  engines.  An 
attempt  has  been  made  to  show  the  effects  of  initial  steam 
pressure,  back  pressure,  and  cylinder  size.  The  piston  speeds 
are  again  about  600  f.p.m. 
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Fio.  380.— Typical  ateam 
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331.  Engines  With  Riding-Cut-Off  Valves  (Fig.  184), 
although  once  quite  popular,  are  not  widely  built  today, 
While  these  engines  have  their  advantages  (Sec.  141),  their 
economy  is  little  better  than  that 
of  single-valve  engines.  Engines 
with  riding-cut-off  valves  are  built 
simple  and  compound  and  in  sizes 
up  to  2000  h.p.  (see  Table  337). 
They  may  have  plate  (Fig.  184) 
or  piston  (Fig.  185)  valves. 
332.  Four-Valve  Engines  (Fig. 

.™pe™d  235  and  Scc-  177'  aro  bein8 made 

s    Full  in   a  large  number  of  forms  by 

"_"  different     engine     builder!*; 

Dcmmi  Table  337.     They^^^ 

k  ioojb  of  the  pi3tonJ 

Z  '.-';    (Fig.  23 
b,  w      223). 


niour   engine    with   four   flat   slid) 
142)  is  no  longeig 
limy   '»•    of  thj 
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aU-poppel"  type  (Figs.  383  and  384),  Strictly  speaking, 
Emu --valve  iiniHow  engine  does  not  operate  on  I  he  original 
liflow  principle,  because  some  strain  is  exhausted  through 
"Mliiiry  exhaust  valves  (see  See.  334).  Four-valve  engines 
:ill  typaa  (exoepl  the  "uniflow"  type)  are  built  both  simple 


Nearly  all  of  the  detaching  CoriiflB-varwB 

F.   5)   are  equipped  with  fly-ball   governor*. 

»  have  centrifugal -inertia  or  shaft  gover- 

HQginee,   as  a  class,   have,   as  -lair 

a  shown  by  Figs.  3S5  to  388.     See 

■  n| ftrheata  tor  Asm 
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Note. — Simple  Fodr-Valvb  (Corliss)  Engine  Stum  Run  1 
(sec  Fig.  207  for  a  picture  of  such  an  engine),  at  full  load,  vary  from  itas  I 
22  to  27  lb.  per  i.h.p.  hr.  when  operating  non-condensing  and  «ippW  I 


£ 

5': 

«T 

F 

■■■■ 

I 

' 

(Urfl 

M          7S        ISO 

Per  Cent.  Of  Rated  Load 


impound  foor-taln 


Full  lines  r 
Jiupplied  with  itearu  at  ISC 
in.  gage.  Owned  Iinwre{er1 
on  steam  it  100  lb.  pcriq.ii 


with  steam  at  125  to  140  lb.  per  sq.  in.  gage.  With  superheated  itean 
Ihc  steam  rale  may  be  only  about  17  lb.  per  i.h.p.  hr.  Typical  indicator 
diagrams  from  a  simple  non-releasing  Corliss  engine  are  shown  in  Kg.  388. 
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r   Cent.  Of  Rated  Load 


Fio.  388. — Typical    (Icam-Doniunip- 

lion  curves  for  nnile-sflinder  popprl- 

represent 

lujipiied  Kith  steam  at  100  lb.  pel  in.  '" 

gage.     Full  line*  represent  rcaulu  will 

Daihed 

mat  100 

pund   to   100  deg.  fahr.  ol  superheat 

The  poppet-valve  engine  seems  to  be  more  economical  than  the  Corliaafi 
Tests  have  shown  non-eondensing  popp"t-,",l,,e  engines  to  opera* 
as  lit  lit'  ;is  IS.1I  lb.  of  Ha  Hi  rated  strain  pel  ;  and,  with  super 


Sec.  : 


STEAM  ENGINES  OF  MODERN  TYPES 


329 


■team  (150  lb.  per  sq.  in.  Rage  and  250  deg.  fahr .),  it  is  not  unusual  to 
get  as  low  as  10  lb.  per  i.h.p.  hr. 

Note.  —  The  Steam  Rates  Of 
Compound  Focb-Valve  Engines 
(Fig.  390)  at  full  load  when  oper- 
ating no d -condensing  range  from  17 
*  to  22  lb.  pel  i.b.p.  hr.;  with  saturated 
steam,  and  as  low  as  12  lb.  per  i.h.p. 
hr.  with  superheated  steam.  When  ~""7-"" 
operated  condensing  the  steam  rate  Good»  C 
may  be  as  low  as  12  lb.  per  i.h.p.  hr.,     inf    conditions    when    digrams'  wen' 

on  saturated  steam,  whereas  with  *■«*»  follow:  loitUl  tteun  pnuur*. 
superheated  steam  it  has  been  re-  '*  .lb'  _";£  Elhl""t- Mmo" 
duced  (see  Table  326)  to  about  9  lb.;    p  "^        ' P  m- 

these,  however,  are  exceptional  values  and  are,  perhaps,  20  per  cent, 
below  good  average  practice. 
Note. — Foub-Valve  "Uniplow"  Engines  (Figs.  224,  225,  and  186) 
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are  generally  constructed  for  ti 

of  the  used  steam  is  exhausted  at  the  end  of  the  forward  stroke  through 

the  central  exhaust  holes  in  the  cylinder  wall,  more  steam  is  exhausted 
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5  the  return  stroke  through  auxiliary  exhaust  valves.     Although 
pne  is  not  truly  of  the  uniflow  type,  its  economy  (Fig.  '< 
-nemlly  somewhat  better  than  that  of  an  engine  opernling  on 
i   i.iiiiiiiT-flow  principle. 

I.  The  Cmfiow  Engine  (Sees.  59  and  434  and  Fig.  3»1), 
-ii  i.i  ll>  invented,  was  intended  to  be  operated amdetUMQ 
lo  have  no  exhaust  valves.  The  expanded  steam  should 
exhausted  through  the  central  port-holes  in  the  cylinder 
en  these  holes  are  uncovered  by  the  piston.  When  these 
c*  are  again  covered  by  the  returning  piston,  the  unex- 
usted  steam  within  the  cylinder  (at  condenser  pressure  of 
■  2  11).  j>er  sq.  in.  ahs.)  is  compressed.  .Since  the  compression 
riod  is  long  antl  the  clearance  small,  the  unrejeeted  steam  is 
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Nxt-Corxlensirig. 


■a 


75 


P»rCen 

w.  3M.— St<*m-eonaumption    c 
;i    t.y   H  la.  SkinniT   "Dnii 
i>n*in-  .up|ili«l  with  Mto 


(ram  ■  3D  by  31-in.  Chuu  eondenwn* 
mini..-  fTitim  at  the  Hobtrid  Mill  and 
K levator  Co.,  Holitrad.  Kan.  Th.- oprrat- 
iog  conditions  undrr  *'hir.:h  thesp  diafrarna 


in.     Sprcdaoorp.ai. 

■  I  to  a  high  pressure— upually  the  pressure  at  the 

ottle.     The  cylinder  heads  are  jacketed  with  high  tempera- 

■  steam.     Thus  the  unrejeeted  steam  is  superheated  during 

:upM'SMcin.     Because  of  this  fact  and  because  the  colder 

t  steam  does  not  sweep  over  the  warm  surfaces  neu  the 

ider  condensation  is  much  less  in  this  engine  than 

er-flow  engine.     Also  it   has  been  found  that  the 

skins  within  the  cylinder  can  be  varied  widely 

recial.lv  affecting  the  economy.     This  accounts; 

'flii'in'    i  Kig.  :W2)  in  the  uniflow  steam  rates 

and  small  fractional  loads  or  large  over- 

"iial  ciit-i.IT  i-  iisuulh    about    '  ,  „  la   \ 

■j^KC  capable  of  large  nvt-r  loads,     Ej| 
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393  shows  typical  indicator  diagrams.  With  saturated  steam 
at  moderate  pressure  the  steam  rates  are  about  12  to  15  lb. 
per  i.h.p.  hr.  With  higher  pressures  and  superheat  still 
hotter  economy  can  be  obtained.  The  record,  it  seems,  is 
reported  by  Lontz  as  5.67  lb.  per  i.h.p.  hr.  with  steam  at  461 
lb.  per  sq.  in.  abs.  and  superheated  by  495  deg.  to  1,018  deg. 
fahr. 

334.  Non-Condensing  Uniflow  Engines  must,  of  necessity, 
be  built  differently  from  those  which  are  designed  to  operate 
only  condensing.  Modern  uniflow  engines  are  frequently 
designed  so  that  they  may  be  operated  either  condensing  or 
non-condensing.  A  uniflow  engine  designed  solely  for 
condensing  operation,  if  operated  non-condensing  would 
compress  steam  from  a  pressure  of  about  15  lb.  per  sq.  in.  abs. 
instead  of  from  1  or  2  lb.  The  result  would  be  that,  if  no 
provision  were  made  to  prevent  it,  the  pressure  in  the  engine 
cylinder  would  rise  during  compression  to  many  times  tie 
pressure  of  the  incoming  steam.  To  prevent  this  excessive 
pressure  ^which  would  probably  cause  rupture  of  the  cylinder) 

several   schemes  are  employed. 

1    The  clearance  volume  maybe 

increased  so  that  a  much  greater 

space  is  provided  to  store  the 

compressed  steam :  engines  which 

are   to  be  operated  either  con- 

■«io::s:::c   or  non-<N>ndensing  are 

r.\:/.::p:v>i  with  a  >mall  clearance 

for  ^■■:-..ier.$inc  operation  which 

^  ■-■     ::'.:■>■   ;■*   ;\  r.r.r\r>>i   by  opening 

.-.     \  a >.■-■■     w::r.    an    additional 

^".v..-;  :■:  7:vv:.it  tLc   r-tvessarv 

■■->■-.:     :>  rv.:;.r. — :h-:  vilvr  ciav  be 

.-.■   :-  "i  -.■:.-.:        2    A~s  ":  :-*  ij'.ind 

•     .    ■  •  ■    »  ::-.  ev":-iM>:  rv->:.  .:uring 

^      v     •  -  •  :z        2..:   -:.\ :-*■->"  pc-rt? 
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Mudtiary  exhaust  valves  are  shown  in  Fig.  394.  Engines 
<>f  this  type  which  are  to  he  operated  either  condensing  or 
non-condensing  are  generally  fitted  with  some  means,  auto- 
muraal,  for  keeping  the  auxiliary  valves  closed  when 
operating  condensing.  (3)  The  admission  valves  may  be  lifted 
from  their  seats  or  relief  valves  sei  to  open  when  the  pressure 
within  the  cylinder  becomes  excessive — thus  allowing  steam 
io  escape  from  the  cylinder.  This  means  of  adapting  a 
condensing  engine  to  Eon-condensing  operation  is  necessary 
us  a  safety  measure  but  is  wasteful  and,  therefore,  tfl  nut 
employed  during  regular  running. 

Note. — The  Economy  Op  NoN-CoMfEvsiNC.  Unifj.ow  Engines  varies 

with    the  design,   hut  with  saturated  steam  at  moderate 

pressures  (125  to  150  lb.  per  sq.  in.  gage)  steam  rates  of  IS  to  2S  Hi. 

jjit    i.h.p.    hr.    may    be   expected  at  full  load.     At.  partial  loads  and 

overloads,   Ihe  steam  rates  increase  more  rapidly  than  for  condensing 

«  engines  but  still  not  as  rapidly  .is  for  counter  flow  engines.     Non- 

mdenwiiig   uninW   engines   have  been    run   at  250  per  cent,   of  their 

i  load  with  only  a  25  per  cent,  greater  steam  rate  than  at  rated  full 

The  costs  of  these  engines  are  given  in  Sec.  338.     They  may  be 

ely  operated  on  steam  at  any  pressure  and  temperature  so  long  as 

■ctive  lubrication  can  be  maintained  (see  Sec.  430}. 

.  The  "Locomobile"  Is  A  Type  Of  Steam  Engine 
(Fig.  395)  which  is  built  integral  with  a  boiler  which  supplies 
ii>.  strum.  It  was  first  made  in  Germany  under  the  name 
"lokomobile."  Many  of  these  units  have  long  been  in  use  in 
Europe  but,  until  recently,  few  have  been  used  in  this  country. 
The  engine  is  mounted  above  the  boiler  and  the  flue  gases  arc 
used  to  jacket  the  cylinders.  Steam  is  usually  generated  at  a 
high  pressure  and  superheated.  The  entire  unit  is  so  designed 
that  its  efficiency  can  he  maintained  very  high.  The  loeo- 
tnobile  type  of  power  plant  is  manufactured  in  this  country 
under  the  name  Buckeye-mobile  (sec  Table  337)  which  is 
illustrated  in  Fig.  365.  The  engine  is  a  tandem-compound 
with  piston  valves;  tflje  receiver  is  placed  in  the  flur-yjis  path 
and  arranged  as  a  rcheater.  Typical  performance  graphs  are 
-linwu  in  Fig.  U9ti.     By  reason  of  its  exceptionally  good  ccon- 

J.  the  locompJ   "  tv  well  suited  for  small  power  p 

good  Ih>'  scarce  mid  where  fuel  i 
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tinder  will  sustain.  But,  to  establish  some  relation  betwcer 
it  atid  the  power  which  the  engine  will  develop — that  is, 
»ttenipt  to  predict  the  exact  cost  of  an  engine  of  a  certain 
#&  and  horse  power — is  almost  impossible  because  of  thi 
my  influencing  factors:  (1)  Initial  steam  pressure  detcr- 
nes  the  power  which  an  engine  will  develop — an  engine  of  a 
en  size  (and  coat)  will  therefore  give  most  power  when 
plied  with  steam  at  the  maximum  pressure  for  which  it  is 
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JW..— Pcr(wm»uce   p.pha   nf   n  liMVh.p.   B-uiill«yp-n>obilr.      Furl  iu  '. 
ran  of  mine,  M.000  B.I.u.  per  lb.      (Buckeye  Engine  Co.) 

e.  (2)  Speed,  in  revolutions  per  minute,  likewise  affects 
power  output — an  engine  of  a  given  .size  (and  cost)  will 
refore  deliver  most  power  when  operated  nearest  its 
'd  maximum  speed.  (3)  Back  pressure  likewise  affects  the 
er  output —  the  lower  the  back  pressure,  or  if  condensing, 
greater  the  vacuum,  the  greater  will  be  Ihe  power  output. 
The  service  for  which  the  engine  is  to  be  uxett  affects  the 
construction — engines  for  driving  alternating- 
■ent  generators  must  have  larger  flywheels  than  those  for 
■■  nthir  services;  engines  for  direct  connection  to  electric 
rators  usually  require  longer  shafts  and  different  bearing 
ictions  than  do  those  which  are  to  drive  by  belt  or 
■nc  engines  must  be  designed  to  operate  :it  variable 
e  to  be  readily  reversed.  (5)  Sub-bnses  are  some- 
|gby  the  purchaser— sometimes  they  are  not. 
sub-bases    must    sometimes    have    special 


3*>    STEAM  EXtilXB  PHtMlPLES  ASD  PRACTICE  |Dn.  II 


ill] 


;                         4 

■    3 

I! 

I    1.  1  •      Li  !  i>i\ 

-'       ii     i  1     !     ii   !i:    II-! 

1;           I    '        :    ■  It'8  : 

1 

I 
i 

3 

i 

i 

s 

e 

s 

I 

ill 

8  s  ». 

Si    -    •»    S      '»      >      *«'    !'!|"    |- 

j 

|"  2  8  | 

si3" 

";i      a?    1  I     I     It'    5   1   Ijl'i 

|i    ll  j  j  ,|  H<  j  ;  111,1  j 

: 

] 

i 

iiiiili 

1  ll 


s6;I-i  l* 


ilSJl 


kc.   337)      STEAM  ENGINES  OF  MODERN  TYPES 


ills 

f-lal 


$p*m 


h 


9 

£■£ 

81 
M 

SS 

! 


?2i'= 


iff; 


1 


if 


a            „ 

I  JJI 

:     :   ^ 
1   8   § 

i*i 

1 

=          5 

■51     - 
1 
| 

J         l< 

is 

! 

£ 
I 

i 

3 

1 

i 

1 

J 

1 

1 
i 

STEAM  ENGINE  PRINCIPLES  AND  PRACTICE  (Dit.  1 


111 


fii 


m 


I 

1 

S 

1 

i 

1 

it 

1 

I 

E 

£ 
E 

5 

■5 

a 
a 

a 

1 

t 

I 

'B 

11 

1 
B 

I 
I 

I 

■ft 

a 

4 

6 

i 

-a 

■a 

| 

§ 

I 
i 

ll 
si 

:   s 

i 

u 

2 

| 

I 

1 

i| 

So 

ll 

SO 

£ 
HE 

i 
i    : 

B 

- 

II 

§  i 
si" 

d 

3! 

i 

1 

a 

88 

i 

"Tf 
sT 

i 

o 

a  . 

El 

1. 

5" 

!    ! 
i    1 

a 

| 

U 

-7. 

i 

s 

u 

1 

= 

1 

u 

.1  3! 
!      * 

J 

I 

J 

i 
1 

1 

S*c.  3371        STEAM  ENGINES  OF  MODERN  TYPES 


^ 

| 

; 

| 

1 

:    - 

u 

5 
I 

|8 

£ 

£ 

1 

1 

if 

1  1 

in 

n 

if 

s 

J  3 

I 

1 

c 

2g 

3 

«l 

s 

i 

n{ 

8I&, 

51*'" 

-  i 

1  1 

i  1 

u 

J 

1 

j 

1 J 

| 

| 

| 

$ 

1  s 

i 

l 

i 

1 

1 

9. 

u 

*s 

i 

I 

° 

S-i 

H 

s 

* 

« 

w* 

M 

u 

§ 

1* 

a*_ 

\h 

0 

J; 

i 

? 

i.' 

I 

ES 

1 

jf 

j 

l  s 

i  5 

1 

"» 

■»(] 

2  s  «    *  a 

3  5  a   a  -a   s 

2  S  £  £  3  i 
a  *  =  »  - 

8    i  2   "  5  ^ 

S*    o     E     «     o    a 

hi  ill! 

-  i! 

-d  4  1  -S  *  S 

«    £  £   o   3   S 

N  1  II    I 

...1     181    ..» 

i  1 1 ! !  j 

=     =      e     ^     °?     "V 
|    |     |    |    J     j 

i  i J 1 1 1 

lillll 

8 

i 

1  1  "1 

2  :  : *  ;* 

IIIIII 

«     «     =4     A     A     £ 

s 

J 

(J 
£ 

I 

i  1  |  i  i  I 

J    1    1    1    1    i° 

]    J    h    j 

i  j  i  i  #  ii 

<  o  s   z   (2  «B 
S                a 

340    STEAM  ENGINE  PRINCIPLES  AND  PRACTICE  JDiy.  !1 

Notk.—  Vakiaklk  Si'kkd  And  Revkkhino  Encineh  an*  also  nianu- 
fueturcd  by  many  of  (he  engine  builders  listed  in  Tabic  337  hut  thee 
engines  are  nut  listed  in  the  above  table. 

Explanation. — Table  337,  although  it  was  intended  to  contain  the 
names  and  descriptions  of  tjie  principal  engines  manufactured  in  this 
country,  must  be  understood  to  possibly  not  include  all  such  engine! 
Furthermore,  the  fact  that  a  certain  engine  is  or  is  not  included  in  this 
table  should  not  be  taken  to  indicate  anything  whatever  with  regard 
to  its  merits  or  quality. 

338.  Table  Of  Costs  Of  Steam  Engines  Of  Different 
Types. — The  costs  given  below  must  be  understood  to  be 
merely  approximate  prices  and,  because  of  fluctuations  in  the 
market  and  the  factors  explained  in  the  preceding  section, 
should  be  used  only  in  making  a  preliminary  estimate.  For  a 
final  (or  even  for  a  reasonably  accurate  preliminary)  estimate, 
prices  should  be  obtained  from  the  engine  manufacturers. 
The  prices  given  below  are  as  of  January  1,  1922,  for  engines 
without  special  bases  and  arranged  for  belt  drive  from  the 
flv  wheel. 


Type  of  engine 


Simple  slide-valve 

Compound  slide-valve.    . 

Simple  four-valve 

Compound  four-valve. . . 
Vniflow 


Cost  of  engine  per  horse  power 


Small  engine 

Large  engine 

S22--44 

$11-16 

22-33 

15-17 

25-37 

!               9-18 

35-45 

16-25 

32  45 

12-21 

QUESTIONS  ON  DIVISION  11 

1.  Explain  the  differences  between  rotary  steam  engines  and  (1)  reciprocating  engitu 
(1M  steam  turbines. 

2.  Explain,  with  a  sketch,  the  operation  of  n  rotary  steam  engine.  What  are  its  shor 
comings?     Is  it  widely  used? 

3.  What  are  the  usual  sizes  and  rotative  speeds  of  simple  single-valve  engines?  Wh: 
is  their  field  of  service? 

A.  What  steam  rate  may  usually  be  expected  from  simple  single-valve  non-condensii 
engines  at  full  load?     At  fractional  loads? 

6.  What  is  the  most  advisable  cut-off  for  a  simple  non-condensing  single-valve  engin 
What  is  the  customary  piston  speed? 

6.  What  are  portnbW  *tcam  enyintsT  What  is  their  field  of  service?  In  what  sit 
are  they  commonly  built? 


Sec.  338]      STEAM  ENGINES  OF  MODERN  TYPES  341 

7.  In  what  sixes  and  forms  are  compound  single-valve  steam  engines  commonly 
manufactured?     What  is  their  field  of  service? 

8.  What  steam  consumptions  may  reasonably  be  expected  of  compound  single-valve 
engines  when  operated  non-condensing?     When  operated  condensing? 

t.  Name  a  well-known  make  of  riding-cut-off  piston-valve  engines.  In  what  sises  are 
they  manufactured? 

10.  What  forms  of  valves  are  employed  in  four-valve  engines?  What  types  of  gov- 
ernors do  they  employ? 

11.  What  are  the  common  water  rates  of  simple  four-valve  engines  with  Corliss 
valves?     With  poppet  valves? 

IS.  What  is  the  principle  of  the  uniflow  engine?  Wherein  docs  it  derive  its  great 
economy? 

18.  Name  and  describe  two  ways  in  which  a  uniflow  engine  may  be  constructed  so  as  to 
satisfactorily  operate  non-condensing. 

14.  What  safety  device  is  relied  on  to  automatically  adapt  to  non-condensing  opera- 
tion, if  the  vacuum  is  destroyed,  uniflow  engines  which  are  designed  primarily  to 
operate  condensing? 

18.  What  are  the  usual  steam  rates  of  condensing  and  non-condensing  uniflow  engines? 
What  exceptional  rate  has  been  reported? 

18.  Are  uniflow  engines  capable  of  carrying  large  overloads?     Why? 

IT.  How  does  the  steam  consumption  per  indicated  horse  power  hour  of  a  uniflow 
engine  at  fractional  and  overloads  compare  with  that  at  full  load?  In  this  respect,  how 
does  the  uniflow  engine  compare  with  other  engines? 

18.  What  is  a  locomobile?  With  a  sketch  describe  its  construction.  What  is  its  field 
of  service?     Why?     What  water  rate  may  be  expected  with  this  unit? 

It.  What  are  the  principal  factors  which  will  influence  the  cost  of  a  steam  engine  of 
any  class,  for  a  given  power  output? 

80.  Which  would  you  expect  to  cost  more  per  horse  power,  a  small  engine  or  a  large 
engine?  A  high-speed  engine  or  a  low-speed  engine?  A  high-pressure  engine  or  a  low- 
pressure  engine?  A  condensing  engine  or  a  non-condensing  engine?  An  engine  to  drive 
an  alternating-current  generator  or  one  for  a  mill? 

81.  State  approximate  costs  of  engines  of  the  different  classes. 
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339.  The  Purposes  Of  Testing  Steam  Engines  are  to  deter- 
mine any  or  all  of  the  following:  (1)  The  operating  cotwWmhu. 
(2)  The  mechanical  efficiency.  (3)  The  water  rate.  (4)  Tk 
thermal  efficiency.  The  purposes  of  the  different  types  of 
teste,  the  apparatus  required,  the  method  of  procedure,  lad 
the  calculation  of  the  test  results  are  all  discussed  in  the 
following  sections  of  this  division. 

340.  The  Purpose  Of  An  Operating-Condition  Test  ie  to 
ascertain  whether  the  engine  valves  are  functioning  properly 
and  to  determine  mechanical  defects  that  may  exist  within 
the  engine  cylinder.  Tests  of  this  type  involve  only  the  use 
of  steam-engine  indicators  and  correct  interpretations  of  the 
indicator  cards  which  are  obtained  in  the  test  (see  Div.  3 
for  discussion  of  indicators  and  indicator  cards). 

341.  The  Purpose  Of  A  Mechanical-Efficiency  Test  (Bee 
Div.  10)  is  to  determine  the  energy  lost  in  friction  in  the 
various  bearing  surfaces  of  the  engine.  This  energy  loss  ie 
called  the  friction  horse  power.  The  methods  of  conducting 
such  a  test  are  discussed  in  Sees.  368  and  369. 

Note. — See  Div.  3  for  discussion  and  rules  for  calculation  of  indicated 
■  horse  power.     Methods  of  determining  the  brake  horse  power  are  de- 
scribed in  subsequent  see ti oris. 

342.  The  Purpose  Of  A  Water-Rate  Test  is  to  determine 
the  quantity  of  steam,  and  thereby  the  quantity  of  heat,  use*i 
by  an  engine  per  indicated  or  brake  horse  power.  This  typ*5 
of  test  will  therefore  provide  a  suitable  basis  for  comparing 
one  engine  with  another  with  respect  to  steam  economy* 
The  methods  of  conducting  a  water-rate  test  arc  describe*-" 
in  Sees.  370  to  373. 

343.  The  Purpose  Of  A  Thermal -Efficiency  Test  is  to  classify 
the  various  heat  losses  of  an  engine  according  to  the  main     I 
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in  which  the  loss  occurs.  Thus,  the  energy  loss  due  to  the  rub- 
bing contact  of  bearings  can  be  found  in  this  type  of  test  and 
classified  as  a  friction  loss.  Also,  as  stated  in  Sec.  318,  the 
thermal  efficiency  of  an  engine  is  a  much  better  measure  of 
its  performance  than  is  its  water  rate,  because  the  water  rate 
depends  upon  operating  conditions.  It  is  therefore  apparent 
that  a  thermal  efficiency  test  is  valuable  to  the  engine  designer 
and  builder  in  that  it  presents  knowledge  essential  to  the 
designing  and  building  of  efficient  engines.  Thermal  effi- 
ciency test  methods  are  considered  in  Sec.  374. 

Note. — The  Thermal  Efficiency  Is  Generally  Calculated  In 
Water-Rate  Tests  and  is  calculated  from  the  results  obtained  in  a 
water-rate  test. 


344.  The  General  Procedure  In  Engine  Testing  consists  of 
operating  the  engine  for  sufficient  time  and  under  suitable 
conditions  to  determine  the  amount  of  (1)  heat  energy  supplied 
to  the  engine  and  the  amount  of  (2)  mechanical  energy  developed 
and  delivered  by  the  engine.  The  determination  of  these 
two  fundamental  quantities  ordinarily  involves  the  collection 
of  data  as  tabulated  below. 

345.  Table  Showing  Data  Necessary  In  An  Engine  Test. 


Quantity  sought 


Data  required 


Heat  input 


Mechanical 
energy 
output 


(a)  Pressure  of  steam  supplied  to  the  engine. 
(6)  Condition     (quality    or    superheat)    of    steam 
supplied  to  the  engine. 

(c)  Weight  of  steam  rejected  by  (or  supplied  to)  the 

engine. 

(d)  Pressure  of  steam  as  it  is  rejected  by  the  engine, 
(c)  Weight  of  the  drip  from  each  jacket. 

(J)1  Temperature  of  the  water  entering  and  leaving 
the  condenser  and  weight  of  circulating  water. 


(a)  Speed  of  the  engine,  in  revolutions  per  minute. 
(6)  Indicator  diagrams  from  each  end  of  each  cylinder, 
(c)  The  engine's  brake  horse  power  (dynamometer  or 
electric  generator  measurement). 


1  When  a  heat-balance  (Sec.  12)  is  to  be  made. 
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346.  The  Equipment  Required  For  Engine  Testing  depends 
upon  the  type  of  test  being  made.  In  general,  the  most 
essential  instruments  are:  (1)  Pressure  and  vacuum  gage*. 
(2)  Barometers.  (3)  Thermometers.  (4)  Steam  calorimeter*. 
(5)  Steam-engine  indicators.  (6)  Planimeters.  (7)  Tachometers 
or  revolution  counters.  (8)  Dynamometers,  or  other  load-meas- 
uring apparatus.  (9)  Steam  condensers  for  condensing  exhaust 
steam.  (10)  Scales  for  weighing  the  condensed  steam.  The 
more  important  of  these  instruments  will  now  be  described. 

Note. — Pressure  and  vacuum  gages,  barometers,  thermometers,  and 
steam  calorimeters  are  described  in  the  author's  Practical  Heat. 
Indicators  and  planimeters  have  been  discussed  in  Div.  3. 


347.  A  Revolution  Counter  (Figs. 
397  and  399)  is  an  instrument  which 
indicates  the  number  of  revolutions 
made  during  a  period  of  time  by  a 
rotating  shaft  or  wheel.  To  deter- 
mine the  speed  in  revolutions  per 
minute  with  a  revolution  counter,  it 
is  only  necessary  to  divide  the  total 
number  of  revolutions  made  during 
the  period  of  time  by  the  time 
period  expressed  in  minutes. 


OroduXttcd 


Rotating 


HjrxHc 


Fi<i.   ii07. — Iln-ml  revolution  counter. 


yEngfne 
Flywheel 


Fir,.  398. — Counting  revolutions 
of  an  engine  with  a  revolution 
counter. 


348.  A  Hand  Revolution  Counter  is  shown  in  Fig.  397. 
It  consists  of  a  rotating  disk,  D,  connected  through  worm 
gearing  to  a  short  triangular-pointed  stem,  S}  which  is  pro- 
vided with  detachable  rubber  tips.  In  counting  revolutions 
(Fig.  398),  S  (Fig.  397)  is  inw '  "ho  center-bore  of  the 
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t  of  the  engine  under  test  and  it  thus  turns  with  the 
nft  causing  D  to  revolve.  Simultaneously,  the  operator 
>ks  at  his  watch  to  keep  an  accurate  account  of  the  time, 
■diiiaiily  the  counter  is  permitted  to  run  for  1  min.  The 
■orator,  looking  at  the  second  hand  of  his  watch,  inserts  (lu- 
bber tip  in  the  center-bore  at  the  start  of  a  minute  and 
moves  it  at  the  end  of  the  minute.  For  each  100  revolutions 
S,  D  makes  1  revolution.  In  counting,  the  operator  botdfl 
s  thumb  over  the  small  stationary  button,  A,  and  "feefa" 
ich  revolution  of  the  rotating  button,  B,  which  is  attached  to 
.  The  rubber  tips  are  used  to  prevent  slipping  :il  high 
neds,  This  type  of  revolution  counter  can  Ik*  used  satis- 
.ctorily  for  speeds  up  to  1200  r.p.m. 

349.  A  Continuous  Revolution  Counter  [Fig.  399)  is  gen- 
■aUy  attached  permanently  to  an  engine  The  operating 
i-ni,  A,  is  usually  connected  by  a  lever  to  some  engine  part 
aving  a  limited  reciprocating  motion.  The  instrument 
i  essentially  a  stroke  counter  constructed  to  add  one  to  the 
lal  reading  for  every  two  strokes 
f  the  engine.  This  type  of  revo- 
rtaon  counter  may  be  used  satis- 
betorily  on  engines  having  speeds 
p  to  250  or  300  r.p.m. 

350.  A    Tachometer    (Figs.   400  j 
rid    Mill   is  an  instrument  which 

Bisters  the  speed  of  the  shaft 
Oder  consideration  in  revolutions 
cr  minute,  directly  and  tit  any  in- 
fest. Tims,  the  variations  in  its 
idications  from  instant  to  instant 
fill  show  (In-  different  shaft  speeds 
I  different  instants.  Tachometers  are  most  satisfactory  for 
lie  higher  speed  ranges  such  as  those  which  are  attained  in 
team-turbine  practice,  but  they  may  also  be  used  on  high- 
peed  engines.  They  are  manufactured  to  measure  speeds  as 
in  .is  20  and  as  high  as  '20.000  r.p.m.  However,  because  of 
he  unavoidable  instantaneous  variations  in  the  rotative 
r  slciim  engines,  hieluunelers  are  entirely  unsuitable 


ts  lower  than,  saj .  300  i.p.n 
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In  fact,  some  engineers  would  no1  u.-r  1  :m-1i -i  :- 

inj»  steam-engine  speeds. 

351.  A  Fixed  Tachometer  (Fig.  400)  [a  fast* 

to  sonic  part  of  the  engine  frame  and  is  belted  from  U II 

B,  to  the  engine  shaft.     The  mechanism  consists  <A 
opposed  centrifugal  governor,  the  movement  of  which  directh 
actuates  the  pointer,  P. 

362.  A  Hand  Tachometer  (Fig.  401)  is  a  governor-operated 
device  internally  geared  to  allow  three  distinct   >;■■- 
adjustments.     Adjustment  is  accomplished  by  loosening  Ifce 


locknut,  Ar,  and  pulling  out  (or  pushing  in)  I  he  driving  sl'-m, 
S,  until  the  desired  speed  range  is  indicated  ill  space  K. 
Then  A'  is  tightened.  The  speed  is  indicated  by  ilie  pointer, 
P,  on  either  the  inner  or  outer  graduated  circles  depeoduV 
upon  the  speed  range  in  use. 

363.  Dynamometers  Or  Load -Measuring  Apparatus  art  ' 
extreme  importance  in  engine  testing  and  may  I"'  divided  n1'" 
two     general     classes:    (1)      Absorption      dyttamomei 
Electric  venerator*.     These  are  discussed  separately  in  fofioir- 
nig  sections.      In   acccptana    or  factory  test*   of  engines    il  ■ 
usually  necessai  y  lo  so  ■'  loai!  "  the  engine 
ill    Jin    riited-liorsr-pr.wer  oiilpul    mul   possibly   alsn 
>. m  pul  ■  lieluH  ami  al.ove  the  rated  i.utput.     The  bad 
appai  in  u     |>ro\  itii  ■    n,-  «  lien  l>y   i ;  i 
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readily  effected  and  measured — whereby  the  engine  can  be 

made  to  do  work  at  a  known  rate. 

354.  Absorption  Dynamometers,  Or  Brakes,  are  of  two 
general  types:  (1)  The  Prony  brake  type  (Figs.  402  to  406), 
wherein  the  power  is  absorbed  by  friction  due  to  a  rubbing 
contact  of  solid  substances.  (2)  The  fluid-friction  type 
(Fig.  409),  wherein  the  power  is  absorbed  by  friction  due  to  the 
turbulence  or  viscosity  of  fluids. 

366.  The  Prony-Brake  Absorption  Dynamometer  (Fig.  402) 
consists  of  a  steel  strap,  S,  bent  to  conform  to  the  shape  of  the 


flywheel  of  the  engine  under  test  and  to  which  wooden  blocks, 
B,  are  fastened  as  shown.  The  steel  strap  is  rigidly  held  at 
one  end,  E,  to  the  brake  arm,  A,  on  one  side  of  the  fly  wheel  and 
is  fastened  at  its  other  end  to  a  "take-up"  device,  T,  on  the 
other  side  of  the  flywheel.  The  frictional  force  exerted  by  the 
brake  can  be  adjusted  by  means  of  the  hand-wheel  on  the 
"take-up"  device.  A  portable  brake  for  testing  very  small 
machines  is  shown  in  Fig.  403. 


Note. — Cooling  Of  The  Prony  Bbake 
prevent  the  wooden  blocks  Iron)  burning  due 
friction  on  the  flywheel  rim.  Kffcctive  eooli 
playing  a  smnll  si 
flywheels  srid  pulleys  arc  fl 
shaped  spare,  (',  Kig.  402, 
As  the  water  heal 


some (iiii cm  eiutenlinl  In 
heat  generated  by  (heir 
limited  lj ;■ 


Note. — Lubrication  Or  The  Promt  Brake  is  sometimes  newBUJ  I 
to  prevent  chattering  and  seizing  of  the  brake  shoes.     Grease  or  ht»vj  I 
oil  placed  between  the  brake  blocks  on  the  face  of  the  flywheel  it  ill 
will  lessen  to  a  great  extent  the  tendency  to  seize  or  chatter. 


,  The  Use  Of  A  Dynamometer  Of  The  Prony-Brafee 
Type  Necessitates  The  Determination  Of  Constants  called 
the  effective  length  of  brake  arm  and  the  tare-weight  of  the  brakt. 
The  tare-weight  "Wi"  is  its 
unbalanced  weight  due  to  its 
unsym  metrical  construct  ion, 
This  weight  can  be  found  by  two 
methods:  (I)  Dummy  Flywheel 
Method.— A  wooden  templet,  T 
(Fig.  404),  which  has  the  same 
diameter  as  the  flywheel  of  the 
engine  which  is  to  be  tested,  is 
.'*  made.  The  brake  is  then 
i«ht  of  *  •  Pron>°iirBk(;  u»in«"n   mounted    on    this    templet   as 

templet    ot    flywheel.     (The    snown    and    Supported    Oil   S»W- 

rre  (,  r„  ,  ep.pc  .  horsej,(  ^  j,y  a  srmft  made  of 
',so  that  the  brake  arm  is  in  the  same  horizontal  position 
testing.  The  knife-edge  is  supported  on  the  stand,  11. 
»th  the  stand  and  the  brake  are  weighed  on  the  scale,  H\ 
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This  wale  reading  will  he  the  tare-weight,  "  Wi,"  of  the  brake. 
(2)  Rotation  Method. — Arrange  the  brake  as  shown  in  Fig.  402 
and  loosen  the  blocks  on  the  flywheel  until  the  flywheel  turns 
easily.  Turn  the  flywheel  by  hand  in  one  direction  for  one 
or  two  revolutions  and  weigh  the  brake  while  turning  the 
flywheel.  Turning  the  flywheel  in  the  opposite  direction, 
weigh  again.  The  average  of  these  two  weights  (one-half 
their  sum)  will  be  the  tare-weight,  "Wi,"  of  the  brake.  The 
determination  of  the  tare-weight  by  this  method  should  be 
made  two  or  three  times  to  insure  a  fair  average.  Any  stand 
or  pedestal  used  with  the  brake,  for  example,  P,  Fig.  402, 
must  be  weighed  with  the  brake  when  determining  the  tare- 
weight. 

Note. — The  Effective  Length  Of  The  Brake  Arm,  L/  (Fig.  402),  is 
the  horizontal  distance,  in  feet,  between  the  vertical  center  line  of  the 
knife-edge  and  the  vertical  center  line  of  the  flywheel  when  the  brake  is  in 
the  working  position. 

357.  When  Using  An  Absorption  Dynamometer,  The 
Brake  Horse  Power  Is  Calculated  By  The  Formula  (its  deriva- 
tion is  given  below) : 

(41)  P«„ 33^Q0  (h.p.) 

Wherein:  Pmp  =  brake  horse  power  developed.  Lf  =  effec- 
tive length  of  brake  arm,  in  feet,  as  defined  in  Sec.  356.  N  = 
the  engine  speed,  in  revolutions  per  minute.  W  =  the  gross 
load  on  the  scale,  in  pounds,  as  indicated  by  the  scale  during 
the  test.  Wi  =  the  tare-weight  of  the  brake,  in  pounds,  as 
described  in  Sec.  356.  The  term  (W  —  Wi)  is  frequently 
called  the  net-weight  of  the  brake. 

Derivation. — Assume  that  the  flywheel  is  held  stationary  on  a  vertical 
axis,  and  that  the  brake  arm  is  pushed  around  the  flywheel  (Fig.  405)  with 
a  force  of  (W  —  Wi)  pounds.  This,  obviously,  is  the  force  which  is 
required  to  rotate  the  brake.  The  distance  through  which  this  force  will 
act  in  one  revolution  =  the  circumference  of  a  circle  of  radius  L/  ft.  = 
2tL/  fL  Since  N  =  r.p.m.,  the  distance  traveled  in  one  minute  by 
the  friction  sides  of  the  brake  blocks  will  be  2rL/N  ft.  Hence,  since  the 
force  (W  —  Wi)  acts  through  the  distance  of  2rL/N  ft.  in  one  minute, 
the  work  done  per  minute  will  be  distance  per  minute  X  force  =  2rL/N 
(W  —  Wi)  ft.  lb.  per  minute.     Now  it  is  evident  that  work  will  be 
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performed  at  the  name  rate  by  I  he  flywheel  when  it  is  revolving  within  it* 
stationary  brake  blocks  as  when  the  brake  blocks  are  revolving  (pushed) 
around  the  stationary  flywheel,  the  speed  being  the  same  in  both  cut* 
Then,  since  by  definition  horse  power  ■■  foot  pounds  of  work  dote  jtt 
minute  -4-  33,000,  it  follows  that: 


(42) 


2*L,N(W~W,) 
33,000 


(b.p.1 


which  is  the  same  as  for  For.  (41). 

Example. — An  engine  runs  at  a  speed  of  270  r.p.m.  and  its  Pnwr 
brake  and  stand  push  down  with  a  force  of  260  lb.  on  a  platform  "tit. 
If  the  tare-weight  of  the  brake  is  40  lb.  and  the  effective  brake*™ 


length  lx  4  ft.  0  in.,  what  brake  horse  power  is  developed  by  the  engine 
Solution.— Substituting  in  For.  (41):  Pu„  =  2rL,N(W  -  W,)/33,0W 
-  2  X  3.11  X  4.3  X  270(250  -  40)  -r-  33,000  =  48.6  b.h.p. 

368.  A  Rope  Brake  Absorption  Dynamometer  (Fig.  406)  i-° 
ii  form  of  the  Prnny  brake  in  which  &  rope  is  used  instead  of 
wooden  blocks  to  provide  frictional  resistance.  The  efftctif 
brake-arm  length  of  a  rojx;  brake  (Lf,  Fig.  407)  is  the  radius 
of  the  flywheel  plus  the  radius  of  the  rope.  Those  portion-' 
of  the  rope  between  the  flywheel  and  the  rope  ends  must,  in 
a  brake  of  the  type  shown  in  Fig.  406,  be  vertical. 

Explanation. — Qimridmng  the  rope  (Fig.  407)  of  a  rope  brake,  witk" 
nul  the  stand,  the  fori*  due  lo  the  friclionul  resistance  of  the  rope" 
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J  to  the  scale  aa  though  it  were  curried  through  tin-  writer  tine 

end  A  to  the  scale.     Hence  the  effective  brake-arm  length  io 

mtal  dislunce  from  (he  vertioaJ  renter  line  of  the  flywheel  to  the 
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Ksampm:  -A  ripe  brttko  (Kg.  406)  made  of  I-in.  rope  ii 
on  on  engine  with  a  1-ft.  diameter  brake  wheel.  A  load  o!  HO  lb.  » 
hatanced  on  11  platform  scale  when  the  engine  is  operating  it  200  r.p.rn 
If  i.iie  tare-weieht  of  the  brake  is  80  lb.,  what  is  the  brake  horse  pewer 
of  the  engine?  Soi.utiov. — The  effective  brake-arm  lengi  h,  /..-  - 
(4  +  Ma)/2  =  2  +  Ht  =  2.0417  /(.  From  For,  (41);  P 
(W  -  W|)/83,000  =  2  X  3.14  X  2.0417  X  200(480  -  80)  ^  33.0IKI 
=  31.15  h.p. 

369.  The  Water  Brake  Is  A  Dynamometer  Of  The  Fluid- 
Friction  Type  (Fig.  4Ufl). — The  principle  of  operetta 
water  brake  is  similar  to  that  of  the  centrifugal  pump.     The 
chief  difference  is  that  the  cen- 
trifugal   pump    is  d< 

{lifer  the  leas!  DGOSlbb  CB6U  - 
aneo  to  the  passage  of  water. 
while  the  water  brake  i-  designed 
to  offer  the  greatest  possible  re- 
sistance. This  resistance  is  in- 
troduced by  cupping  the  easiiig 
and  constricting  the  water- 
outlet  areas.  The  rotor  (im- 
peller) of  the  water  brake  ifl 
coupled  to  and  rotates  with  the 
shaft  of  the  engine  under  beat 
The  stationary  part  i-  equiva- 
lent to  the  brake  arm  of  a  Prony 
brake. 


later    is    admitted    tu    the    impeller    chamber.    C, 
through  the  hollow  shaft,  S.     This  water  is  then,  by  centrifugal  force, 
forced  out  radially  through  the  holes  in  the  impeller  to  Iha 
between  the  impeller  arms.     As  these  arms  rotate,  the  water  is.  throwa 
into  the  cups,  D,   in  the  stationary  casing  wherein  eddy  cut 
formed.     These  eddy  currents  oppose  the  rotation  of  the  impeller  and 
thereby  cause  the  knife-edge  to  press  down  on  the  scale.     The  water 
eventually  finds  its  way  through  the  small  Henranres  between  the  impellm 
and  casing  to  the  water  outlet.     The  water  pressure  in  the  brake  eon  he 
adjusted  In  meet  various  load  in  iiiditioiis  by  th rut t ling  I  la'  valii'.s  mi  the 
water  inlet  and  outlet  pipes.     The  greater  the  pressure  nil  hi- 
the  greater  the  load  which  it  imposes  on  the  Hcale. 

—The  Brake  Horse  Power  Absorbed  Bt  A  Wateii  BukB 
y  For.  (41).     The  effective  brake-arm  length  [Lfl  Pig.  K»)  a 


360.  Electrical  Loading  Of  An  Engine  (Fig.  410)  is  accom- 
—  iii- 1  by  iimpling  or  belting  an  engine  to  an  electric  generator 
of  known  efficiency  (See.  362)  and  measuring  the  power  output 
of  the  generator.  The  generator  ia  connected  to  a  variable 
electrical  load — usually  a  water  rheostat — whereby  the  power- 
required  of  the  engine  to  drive  the  generator  can  be  varied 
:it  the  will  of  the  operator.  Either  an  alternating-current 
AX!.)    "r   a   direct-current  (D.C.)  generator   may  be  used. 


Note, — When  Generators  Ark  Belted  To  Enoines  Allowance 
Hon  Hf.  Made  For  Suppaoe  Of  Tax  Belt.     Tliis  nUewnnoe  can  be 

I.  i  It  i>    the  folio*  tag  formula,  the  derivation  "f  which  is  given  below. 
N"  d,"„ 


IS] 


P»,  ■ 


A"  J. 


P*» 


(h.p.) 


0  i,.  r.-ih     Pi,.,  =  brake  horse  power  or  engine.     A;"  =  speed  of  engine 

in  revolutions  per  minute.     dt"  -  diameter  of  engine  pulley,  in  indies. 

iV  =  speed  of  generator  pulley,  in  revolutions  per  minute.     ■!,'  ■  4mm- 

irot generator  pulley,  in  inches.     P«,  =  horsepower  input  to  generatnr 

re.  362). 

Derivation. — The  home  power  transmitted  by  a  Ml  =  {At  >«■>  Ml 
— the  force  transmitted — tn  poundi)  X  {the  dtttanos,  in  /eel,  through 
h  thefnt..  .'.     *  33,000.     That  is,  1  h.p.  =  33,000 

I.  lb.  per  miu.     The  distance  tlirounh  which  the  nel  belt  pull  Uli  in  DM 
inute  is  the  eirou inference,  in  feel,  of  the  pulley  over  which  it  runs 

times  the  ihiiiiIht  of   rcviiliitiijiin    it    makes    in   ■  > mute. 

if  the  pulley  diameter  i*  expressed  in  inches,   Ifc 
■  nV      12,     Hence  the  boras  power  transmitted  to  I  bah  i.y  Itnej 
[iiJI.-v  ean  i.    ■  ■   .  ■  formula-: 


W 


Pu,  -  SttbtttpttO  ■■:  .V" 
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Transforming  this  i-i|ii;iiion  far  Um  ''iinine  pulley,  it  becomes: 

iak\                       u  ,  >.  i.       n       12  x  33,000  X  Pu,  _  , 

(45;  A e(  bell  puU  = '  ,  ,„-■  -    ■■  («.) 

If  For.  (44)  represents  the  brake  horee  power  given  to  the  belt  by  the 
engine  which  drives  the  belt,  similarly  the  &et  horse  power  siren  to  the 
generator  by  the  belt  can  be  represented  by: 

(46)  P.,  -  Net  ht.ll  puU  X  N'  X  -  X  47(12  X  33,000)  (h-p.) 
-     From  which  It  follows  that,  for  the  generator  pulley: 

,At\  nr  ,  a  m      b      12  ^  33,000  XPt,  „,  , 

(47)  Net  belt  pull  -  -,-j-, — — =  (lb.) 

Since  the  net  belt  pull  at  the  engine  is  the  same  as,  and  equal  to,  the 
net  belt  pull  at  the  generator,  Fors.  (46)  and  (47)  may  be  equated,  that: 

(48)  ™^.«JW*.!>»W«.  (ft.) 
or  transposing  god  dividing  by  12  X  33,000  and  multiplying  by  * 


(49, 


».-5S* 


(h.p.) 


Which  is  the  same  as  For.  (43). 

Example. — A  generator  having  a  2-ft.  diameter  pulley  was  driven  by  a 
belt  from  an  engine  having  a  6-ft.  diameter  flywheel.  If  the  speed  of 
the  engine  was  200  r.p.m.  at  90  h.p.  input  to  the  generator  and  the  speed 
of  the  generator  was  585  r.p.m.  at  this  toad,  what  was  the  brake  hone 
power  of  the  engine?  Solution. — From  For.  (43):  Pm,  —  fcVU" 
/JV'*'*)Pm  =  1(200  X  72)  +  (585  X  24)]  X  90  -  92.4  b.k.p. 

361.  To  Determine  The  Electrical  Output  Of  A  Direct- 
Current  Generator  (Fig.  411)  the  procedure  is  as  follows: 
A  voltmeter,  E,  to  measure  the 
difference  in  electric  potential 
(e.m.f.)  between  the  leads,  is 
connected  in  parallel  with  the 
load;  see  Sec.  365  for  "Water 
,  Rheostat."  An  ammeter,  /, 
to  measure  the  current  flowing 
:  through  the  leads,  is  inserted 
i  in  series  with  the  load.  The 
voltmeter,  g.  ammeter  and  the  voltmeter  are 

read  at  the  same  instant.  The  power  output  of  the  generate! 
in  kilowatts  is  then  found  by  substituting  the  observed  values 
in  the  following  formula: 

Pt,°  =  1000     -  (kw') 


iftmeter. 


STEA  \!-F.XGIM<  Tj(STI\<: 


Pi...  ^  the  power-output  oT  the  generator,  in  kilo- 
li  m  the  voltage  or  o.m.f.,  in  volts,  as  indicated  by  the 


-  the  current,  in 
read     from    the 

mmcter    at    the    same  instant 

ic  vnitmctor  is  read. 

"'"II.         \    DlUCT-CSnUJfT  WaTT- 

eteb  Ma*  Be  Dbbd  (P,  Figs.  410 
i.[  uji  instead  of  a  voltmeter  and 
»  .immi'tiT.  it  i-  wanaotad  na  shown 
ikJ  reads  directly  the  product  EI 
For.  50). 


362.  To  Find  The  Horse 
■ower  Input  To  Any  Generator  »»*«»« shown.) 
vTien  Its  Power  Output  Is  Known  {1  h.p. 
obstitUte  in  the  formula: 

D. 


P.„  ■ 


.  0.746   kw.) 


(h.p.) 


"  II.746E,, 

>r   since,    for   direct-current   generators,    For.    (50):    P(.,   = 
7    1000,  it  is  true  for  direct-current  generators  that: 

U,„> 


52) 


P»P  -  . 


"  74GE,, 

Vherein:    P»p  =  the    horse-power    input    to    the    generator* 
f.4  =  the  efficiency  of  the  generator  at  the  developed  load, 
ipreflmd  decimally. 
Note—  Tub  Efficiency  Of  A  Generator  At  Ant  Load  Can  Br 
[rad    From    Its   Efficiency    Graph.     This  graph   is  usually    plotted 

■  ■t«  '  I'n  ps  gent,  totul  iiini  ;iit  cud.  iffinemry  or  between  amp   ■ 

a  ted  voltage  mil!  per  cent,  efficiency.     The  graph  can  lie  obtained  from  the 
naisufucturcr  al  the  generator  liy  giving  the  serial  number  and  all  other 
isme-plate  data  relating  to  the  machine. 
ExAHiT.i:  — A  steam  engine  i-  coupled  to  and  driving  a  directHjumnl 

enerator.  Gt ■  Fig.  111.     If  the  voltmeter,  E,  reads  220  volts,  the ittt 

,  W  i  unp.,  and  the  efficient:}  nf  the  ireneralor  at  this  load,  os  shown  by 
i-  i'lliiirrny  graph,  is  0.90,  what  is  the  horse-power  input  of  the  tafia*  tQ 
tM    Kiriinitor?     Solution.— By     For.    1.52):  P»»   -  ff//746E«   -  2" 

■  m   4   .7111  :■  0.90)   =  251)  h.p. 

363.  To  Determine  The  Electrical  Load  With  A  ! 
»hase.  Or  Two-Phase,  Alternating-Current  Generator  (F 
U3  and  414)  use  an  alternating-current  wattmeter,  /', 
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phase  which  will  road  Pt„  directly  for  that  phase-  The  totil 
output  of  a  two-phase  generator  is  always  the  sum  of  the 
wattmeter  readings  for  each  of  the  two  phases.  The  hone 
power  input  is  found  by  For.  (51).  For  a  single-phase  alter- 
nating-current circuit  an  alternating-current  wattmeter  mij 
be  connected  in  the  same  way  (Fig.  412)  as  is  a  wattmeter  on» 
two-wire  direct-current  circuit. 


Note. — In  A  Three-Wire  Two-Phase  System  always  be  sure  that 
the  connect  ions  arc  made  an  shown  in  Fig.  413;  that  ia,  with  a  wattmeter 
current  coil  in  each  of  two  lead  wires  and  the  voltage  coils  of  each  watt- 
meter connected  to  the  common  return  wire. 

Example. — If  wattmeter  Pi  (Fig.  413)  reads  30  kw.  and  wattmeter  Pi 
reads  35  kw.,  what  ia  the  horac  power  input  of  the  engine  to  the  generator, 
if  the  generator  efficiency  at,  this  load  is  0.88? 

Solution. — The  total  power  output  of  the  generator  in  kilowatts, 
Ph.  =  the  turn  of  the  wattmeter  readings  =  P,  +  P,  •»  30  +  35  -  65  fcr. 
The  horse  power  input  to  the  generator  from  For.  (61)  is:  Pi,  ■ 
P*„  /0.740E,,  -  05  -r  (0.740  X  0.88)  =  96  k.p. 


364.  To  Determine  The  Electrical  Load  With  A  Three- 
Phase  Alternating-Current  Generator  (Fig.  413)  two  alter- 
nating-current wattmeters,  Pi,  and  Pi,  are  connected  in  any 
two  of  the  three  phases.  The  sum  of  the  readings  of  the  two 
wattmeters  will  be  the  total  output,  P**,  of  the  generator. 
'"-  -"-termine  the  horse-power  input  to  the  generator  substitute 
■11). 


sn-:AM-KM.i.\r:  testim: 


— In  tJaiHoTwo  Wattmeters  Ik  A  Thhee-Wihk,  Tkbw-P&UM 
sajMXUfa-C tTRKtNTtJmrtTiT  licit  her  of  I  hc^  meters  measures  the  power 
v  one  i  if  the  three  phases.  With  lisht  loading  one  of  the  met  its  will 
.Mi  give  J  negative  reading,  and  it  is  necessary  to  reverse  either  it- 
pii  t  [li.ti Tiiinl  lends  in  order  Ihnt  the  deflection  may  be  noted.      In 

■  mm,  Ifa  algebraic  -urn-  most  he  taken  and  not 

In  other  words,  if  one  read*  +  500  watte  end  the  otfaa  -  HH 
i,  the  totnl  power  in  the  circuit  will  be:  500  -  300  =  200  watt*. 

i  (»■  lojtd  comes  on,  the  reading  of  the  instrument  which  Rave  a 
ive  deflection  will  decrease  until  they  drop  to  sera,  and  it  will  then 
tceawry  to  again  reverse  the  potential  leads  on  this  wattmeter. 
■nfter,  the  readings  of  both  instruments  will  be  positive,  and  the 
rieiil  -urn  nf  |  he  two  will  be  I  he  power  consumption  of  I  he  loud. 

6.  Where  Ho  Useful  Load  Is  Available,  Generator 
ling  May  Be  Accomplished  Satisfactorily  By  A  Water 
>stat  (Fig.  415).— Where  the  power  developed  by  the 
r:ii<ii-,  which  furnishes  the  load,  can  l»'  conveniently 
toyed  for  a  "useful  loud"  as  for  electric  lighting  or  heating 
v  motor-driving  other  machinery  i  t  should,  obviously,  not 
asted.  In  many  plants  the  power  developed  by  the  test 
raUir  can  be  fed  into  the  main  bus,  thus  relieving  the 


load.     But  where 


r  regular  generators  of  part  of  their 
procedure  ia  not  feasible,  it  is  usual 

mploy  a  water  rheostat  as  the  st 

■enient  means  of  dissipating  tin.'  tt-st- 
power. 

The  water  rheostat  shown  in 
ftS  consists  of  two  iron  electrodes,  P  Mid  8, 
upported  from  a  rope,  S,  which  posses  ov  er  a 
y.  The  other  rest-s  upon  the  bottom  of  the 
I.  Hm  barrel  ia  filled  with  water,  II'.  Each 
rude  is  connected  to  a  generator  lead.  The 
ni-e  between  electrodes  may  be  adjusted  to 
the  teautanoe  offered  by  the  water  to  the 

igp  of  current.  Hence  (lie  distance  between  electrodes  determines 
oad  on  the  generator.     For  voltage*  below   luoti  veils  ii  i>  usually 

isnry   to    add  salt   to  the  rheostat  water  to  decrease  i'-  •<  -i- IS 

iemlv  thai  a  great  enough  current  will  Plow. 

16.  In  Determining  The  Waler  Rate  Of  Steam  Engines,  A 
m  Condenser  Is  Often  Employed  (Fig-  4  Id).— As  show  n 
•li'Liin  after  being  used  by  ■;  is  exhausted  through 


£S""vr 
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the  exhaust  pipe.,  /■-'.  into  the  condenser,  C,  when 
deosed,  The  condensate  (condensed  Bte&m)  rune  out  through 
the  condensate  pipe.  0,  into  the  weighing  tank,  T.  In  T  n  ■- 
weighed  on  the  scale,  .S.  Thi1  procedure  when  using  a  steam 
condenser  is  taken  up  in  following  sections,  For  dei 
of  condensers  see  the  author's  Steam  Poweh  Plant  At \- 
iliaries  And  Accessories, 


367.  The   Detailed   Procedure   In   Testing  An   Engine  Is 

usually  about  as  indicated  in  the  paragraphs  which  follow; 

1.  Specifically   decide   the  object  of  the  teat  and  keep  ilii- 

not  only  during  the  performance  uf  the  test,  tint  also  during  the  prepara- 
tion of  the  equipment  for  conducting  the  teat. 

2.  Precautions  should  be  taken  to  insure  that  the  engine  and  iif 
lubricating  system  are  in  condition  for  continuous  running  fur  at  least 
the  period  of  the  test  without  danger  of  a  shut-down  for  adjustments  ur 
repairs.  Any  interruption  of  operation  during  the  test  period  will 
probably  decrease  the  reliability  of  the  teat. 

3.  The  name  plate,  and  other  data  [wrlninirig  In  the  engine  itself 
and  to  the  equipment  and  instruments  used,  should  be  recorded  on  ilit' 
log  sheet. 

4.  All  test  instruments  such  as  gages,  thermometers,  taehoasten 
scales,  indicators,  reducing  motions,  etc.,  should  lie  cnrefully  cxiiniiDw! 

II  tests  where  the  greatest  nccursiey  is  desired,  should  be  c  ■ 
e  and  after  the  lesl  (iilloiv  it  rices  should  be  made  in  the  test  datu  far 
■s  in  calibration  *>r  otherwise  that   n 
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(rare  should  be  used  in  attaching  tost  instruments  to  the  engine  us  inac- 
curate readings  can  be  obtained  from  the  most  accurate  instruments 
when  incorrectly  installed. 

5.  The  engine  should  run  under  test  conditions  for  a  sufficient  length 
of  time  to  allow  all  conditions,  such  as  temperatures,  pressures,  etc.,  to 
become  constant  before  data  readings  are  taken.  This  is  necessary  in 
order  that  true  test  conditions  be  attained  prior  to  recording  test  data. 

6.  The  first  set  of  readings  may  be  taken  after  conditions  have  become 
constant.  The  time  and  all  necessary  data  should  be  immediately 
recorded  on  a  data  sheet  previously  arranged.  All  readings  thereafter 
should  be  taken  at  equal  time  intervals  throughout  the  test.  The 
necessary  time  interval  will  depend  on  the  duration  of  the  test  and  the 
constancy  of  the  load  (see  Sec.  375). 

7.  After  the  test  has  been  completed  the  test  apparatus  should  be 
carefully  cleaned  and  indicators  should  be  oiled  to  prevent  rusting. 

8.  Computations  for  test  results  should  then  be  made  and  checked  for 
accuracy.  See  following  sections  for  methods  and  formulas  used  in 
calculating  the  test  results. 

9.  Finally,  graphs  should  be  plotted  on  ruled  or  squared  paper  to 
visualise  the  test  results.  In  mechanical  efficiency  tests  there  should  be 
plotted  such  graphs  as  "mechanical  efficiency"  against  "brake  horse 
power/*  "speed"  against  "brake  horse  jwwer"  and  "indicated  horse 
power"  against  "brake  horse  power."  In  the  water-rate  tests  there 
should  be  plotted  such  graphs  as  "total  pounds  of  steam  consumed  per 
hour"  against  "indicated  horse  power"  "water  rote"  against  "indicated 
horse  power"  "boiler  pressure"  against  "time,"  "exhaust  pressure" 
against  "time"  and  "thermal  efficiency"  against  "indicated  horse  power." 

368.  In  Testing  A  Simple  Engine  To  Determine  Its  Mechan- 
ical Efficiency,  it  is  merely  necessary  to  ascertain:  (1)  Its 
brake  horse  power  output  with  a  dynamometer  or  electric  generator; 
Sees.  353  to  365.  (2)  Its  indicated  horse  power  with  steam 
engine  indicators;  see  Div.  3.  Then,  as  explained  in  Div.  10, 
the  brake  horse  power  (output)  divided  by  the  indicated  horse 
power  will  be  the  mechanical  efficiency.  The  apparatus  is 
arranged  as  shown  in  Fig.  417.  It  is  usually  desirable  to 
ascertain  the  brake  and  the  indicated  horse  power  at  a  number 
of  different  loads  so  that  the  efficiencies  at  these  different 
loads  may  be  determined.  Usually  the  final  data  are  i  * 
into  a  graph:  Mechanical  Efficiency  against  Load* 

Note. — It  Is  Usually  Advantageous  To  Increase  C 
The  Brake  Horse  Power  Load  On  The  Engine  In  Equai 
mechanical  efficiency  testa  are  beinje  made.  The  values  oi 
power  which  are  usually  taken  *".  1,  and  lJi  of 
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rating  of  the  enginp.     Thio  loading  i" ■  bbe  plu |  of 

portioned   tiii>i'li!ini'ril-.'tlii-M'iirv  graph.      A    mm mi   hi    ilin-t-  milir.mir 

diagrama  .should  be  taken  from  encfc  end  .if  the  eyfindf  (oi  a 
"iritcr  iluii  11  ■  ■  ;L\  i-mgr  m^ni  rtli-ctiv*  pressure  [See,  I  .' 
for  BMti  load. 

Non. — Immediately    Aftkh    Diagrams    Are    Takkn,    Indicator 
Cards  Should  Be  Marked  with  n  symbol  dengnatiflg:  (I)  From  o> 


Vfc^  5y/pij(  -"4*-.-. 


end .)/  die  cylinder  they  were  taken.      (2)   TVif  spwd  [d 

bnrite  toed  iok«i  iaitinj  (Ac  cur./.     (4)    7'/ir  l/wn  "'  ic/nYA  <fu  .vird  rrni  fafa*- 

Thia  is  necessary  to  forestall  errors  when  ootnnutiiiK  I  he  text  results. 

369.  Data    Which    Should    Be    Recorded    On   The   Data 
Sheet    In     A    Mechanical-Efficiency    Test    are:    I  I 

(2)  Brake  loud.     (3)  Speed.     (4)  Steam  pressure,     [S 

pressure.     These     data 
should    be    slunvn    OH   tin 
data    sheet.     (Fig.    41*  ( 
even    if  sunn-  of  ilu-m  (fit 
plicate  data  show 
indicator  cards.     An  mou- 
rate  record  of 
and  exhaust  pressures,  as  indicated  by  pressure  gages,  Gt  anil 
Gt,  Fig.  417,  is  usually  neecss.-uy  because  the  engine  perform- 
ance is  directly  affected  by  these  pressures. 

370.  In  Testing  A  Simple  Engine  To  Determine  Its  Water 
merely  necessary  to  ascertain  :  (1)  Its  indti  ■ 

si. miii  engine  indicators  (Div.  3).     (2)  1(1  toflfe 


Thm 

:«- 

«'■;;- 

B„m,ki 

)[<;.    11..   -ILnn    ■ 


tn 
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■  --'■■I-  with    i  dynamometer  or  electric  generator,  Secs. 
853  to  805.     (3)  The  rate  at  which  it  uses,  steam — by  condensina 

in  or  liy  measuring;  tin'  boiler-feed  water  for  ;i  suitable 
time  period.  [4)  The  condition  (quality  or  superheat)  of 
■■■  wit])  :i  steam  c;iloiirin'tcr  or  a  steam  ther- 
mometer. Then,  since  the  water  rate  of  an  engine  is.  usually 
expressed  as  the  aumber  of  pounds  of  dry  steam  it  uses  per 
indicated  (or  brake)  horse  power  per  hour,  the  water  rate  can 
be  readily  computed.  It  is  customary  to  find  the  water  rate  of 
engines  at  different  engine  loads 
Bee.  888)  and  then  to  plot  the 
results  into  e  graph:  Water  Rate 
against  Load. 


KxI'I.axation. — Fig.     410    shows    the 
arrangement  of  equipment    for  t    ivnii ■!- 

n»te  test.     A  steam  condenser,  C,  is  used 
in   this  case  for  condensing  the  exhaust 
From  tliu  engine  in  order  thai  the 
•I  steam  may  I u-  weighed  to  de- 
termine the  water  rale  of  (he  engine.     A 
reasnie   gage,   O,    end    a   steam 
calorimeter,  Q,  should  be  placed  on  the 
itrini  mipply  pipe,  //.no  that  the  quality 
(Sec.  371)  of  the  steam  which  i»  used  by 
the    engine    may  lie    determined.     Sim- 
ilarly,   a    pressure   gage,    /*,   should   lie 
i>I;m-.-,|  between   iln   sngine  and  the  con. 
iti'hsiT  lo  determine  the  back  pressure  in 
.  i  pipe,  B. 
i  ■■  Bu  ■■■ '  P  i '  Is  Often    i 

I'livviiMtsiTu  WeiQH,  Or  MciKir.  Tin.      "" 

l-.i-.i.   Watts  Tn  Thi    B i  u  mi  u    JJJJ 

Si  iti  n>  s 1 1  ,m  "i",.  Thi   t  ■■■  im.  L'nokr    b, 
Test   (Fig.   419)  for   the  determination    *ur- 
U  i  rale  instead  of  weighing  the    "ll: 
steam    after   it    has   passed    through    ihe     ^™ 
engine  as   is  shiiwii  in  Fig.  4IG.     When 
e  hotter-feed  method  is  used,  care  should  be  IsCfJ 
■r  level  and  the  boiler  item  \ 
b  i.-,i  at  taej  srere  at  it*  start. 

I. -Tin  St  >■>■!.!  StmKM  taStrpi  M,    M,  1.   :. 
n  the  Hlrani-'iipply  pipe  luljui'iiii  inilirih 


[i...  jImiv.-  •  sasUta  tank,  ft  Imm 
iich  nta   ii   paapBtd   lo   laa 


Illinium  «!  ill. 
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the  temperature  of  the  supply  steam.  A  knowledge  of  this  temperature 
is  necessary  to  determine  the  amount  of  superheat  (see  Sec.  426)  of  the 
steam. 

371.  Data  Which  Should  Be  Recorded  On  The  Data  Sheet 
In  A  Water-Rate  Test  are  the  same  as  for  a  mechanical- 
efficiency  test  with  the  addition  of:  (1)  The  temperature  of 
the  steam  in  the  steam  calorimeter,  if  the  supply  steam  is  wet. 

(2)  The  temperature  of  the  supply  steam,  if  it  is  superheated. 

(3)  The  weights  of  steam  used  by  the  engine  for  each  load,  as 
the  load  is  usually  applied  in  increments  as.  explained  in 
Sec.  368.  The  quality  and  pressure  of  the  supply  steam 
(or  the  temperature  of  the  supply  steam,  if  superheated)  and 
the  pressure  of  the  exhaust  steam  are  important  in  water- 
rate  tests  as  the  steam  consumption  of  engines  is  directly 
affected  by  these  quantities. 

Note. — Steam  Quality  And  Its  Determination  are  discussed  in 
the  author's  Practical  Heat.  To  find  the  quality  of  steam  with  a 
throttling  calorimeter  substitute  in  the  following  formula,  the  derivation 
of  which  is  given  in  Practical  Heat: 

,.0  lOOf//,,  +  Cm(Tn  -  7V,)  -  Hi] 

(o3;  xp  =  -      -       —  —  (per  cent.) 

Ml V 

Wherein :  xp  —  the  quality  of  the  steam  in  the  engine  supply  pipe,  in  per 
cent.  II di  =  the  total  heat  of  dry  saturated  steam  at  the  pressure  existing 
in  the  calorimeter,  in  British  thermal  units  per  pound.  T/t  =  the 
temperature  in  the  calorimeter,  in  degrees  Fahrenheit.  T/i  » the 
temperature  of  saturated  steam  at  the  pressure,  which  is  usually  assumed 
to  be  the  barometric  pressure,  existing  in  the  calorimeter,  in  degrees 
Fahrenheit.  Hi  =  the  heat  of  the  liquid  at  the  pressure  existing  in  the 
engine  supply  pipe,  in  British  thermal  units  per  pound.  H9  =  the 
latent  heat  of  steam  at  the  pressure  existing  in  the  steam  supply  pipe,  in 
British  thermal  units  per  pound.  Cm  =  the  mean  specific  heat  oj 
sufKrheatcd  steam,  in  British  thermal  units  per  pound  per  degree  Fahren- 
heit rise  in  temperature,  and  which  may  be  considered  as  equal  to  0.46. 

All  of  the  above  properties  of  steam  can  be  found  in  any  standard 
steam  table. 

Caition. — All  steam  tables  are  arranged  for  absolute  pressures  and 
not  for  the  gage  pressures  as  indicated  by  gages.  To  obtain  the  absolute 
pressure  in  any  case*,  it  is  only  necessary  to  add  the  atmospheric  pressur*' 
(Barometric  pressure),  expressed  in  pounds  per  square  inch,  to  th<* 
pressure  indicated  by  the  gage.  »See  author's  Practical  Heat  for  an 
explanation  of  this  situation. 
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Example. — In  Fig.  420,  if  the  barometric  pressure  is  14.7  lb.  per  sq  in., 
the  temperature  of  the  steam  in  the  throttling  calorimeter  270  deg.  fahr., 
and  the  steam  pressure  is  150  lb.  gage  (164.7  lb.  abs.),  what  is  the 
quality  of  the  steam  supplied  to  the  engine?  Solution. — Substituting 
in  For.  (63): 

x9    -    100[Hdt    +   CJ7V,    -  T,i)    -    Ht]/Hv    - 

100[1150.4  +  0.46(270  -  212)  -  338]  -s-  856.8  -  98  per  cent. 
The  per  cent,  of  moisture  in  the  steam  =  100  —  98  =  2  per  cent 

372.  In  A  Water-Rate  Test,  It  Is  Necessary  To  Express 
The  Weight  Of  Wet  Steam  Used  By  An  Engine  In  Terms  Of 
Weight  Of  Dry  Steam  Used  as  all  water  rates  are  expressed 
in  pounds  of  dry  steam  per  indicated — or  brake — horse  power 
per  hour.  If  the  engine  being  tested  is  taking  wet  steam 
(steam  of  less  than  100  per  cent,  quality),  the  weight  of  dry 
steam  used  can  be  found  by  substituting  in  the  formula: 

(54)  W,<f  =  XdW$w  (lb.  of  dry  steam) 

Wherein:  W,d  =  the  weight  of  dry  steam  used,  in  pounds. 
xd  =  the  quality  of  the  steam,  expressed  decimally.  W$w  = 
the  weight  of  wet  steam  used. 

373.  The  Water  Rate  Of  An  Engine  Can  Be  Calculated 
by  the  following  formula  if  the  water  rate  is  to  be  based  on 
indicated  horse  power: 

W 

(55)  W,<k  =  w-~v/T  (lb.  dry  steam  per  i.h.p.  hr.) 

£tApX*A 

or  if  the  water  rate  is  to  be  based  on  brake  horse  power: 

W 

(56)  W.rfb  =  ->     **  (lb.  dry  steam  per  b.h.p.  hr.) 

Wherein:  W,di  =  the  water  rate  based  on  indicated  horse 
power,  in  pounds  of  dry  steam  per  indicated  horse  power  per 
hour.     W,db  =  the   water  rate  base  on  brake  horse  power, 
in  pounds  of  dry  steam  per  brake  horse  power  per  hour. 
WArf  =  the  total  weight,  in  pounds,  of  dry  steam  consumed 
during  the  time  th}  in  hours.     P^p  =  the  average 
horse  power  developed  during  the  time  r** 
the  average  brake  horse  power  dcvclopc 
period  fo. 

Example. — In  Fig.  420  if  the  engine  develop* 
ofstcam  are  used  per  hour,  wl       -  "  «  water  rate  a 
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i'f  dry  steam  per  indicated  lior^e  power  per  hour?     Soli  i  >. 

p-\nlii|>l<-  Ii-r  Str.  :;71  ,  il  «;■»  (iniliil  llnil  1 1"'  i|il;ililV  "f  III"'  Ktewn  »M* 

per  oent.  ->r  0.98.  From  For,  (64),  the  total  weigh!  of  dry  Mem  imd 
-  W..,  =  jjW.,  -  0,98  ■;  2550  =  24M  ft.  Fnm  For,  (55),  Itewtta 
rate-  W..„  =  W.,  P.,  Xi,  :il!i  +  (85  :-  t)  =  29.4  ft.  of&tttma 
par  i.h.p.  hi-. 

Note.— The  Water  Ratk   Oi    An 
AiTitiiMM  i Tiii.i    I'.i    Means  Or  [ndicatob  Cabm  (mb  M».  3).    Thii 
method  is  ofien  used  to  check  other  methods  of  determinini 


374.  To  Determine  The  Thermal  Efficiency  Of  An  Engine, 
it  is  necessary  to  know:  1 1 t  The  rate  "t  which  work  it  <!'"••  ''■' 
an  engine  (its  power  output),     (2)  The  ratt  <ii  wh 
furnished  I"  the  engine  (its  power  input.)     Botl  ol 
reduced  to  ISritish  thermal  units  per  horn   per  |,,. 
Then,  as  explained  in  Div.   10,  if  the  value  for  <  1     i 
by  that  for  1.21  t.lie  thermal  efficiency  will  be  the  reaulL    H" 
power  output  is  found  by  measuring  the  indicated  iv 
1 1  >iv,  :'■■-     Siuiictiines,  brake  horse  |x>wci  i 
power  output.     The   brake    horse  power   i-   measui 
dynamometer  or  electric  generator  'Sets    353  to  365).    Tin' 
power  itipnl    i-   round    by   ascertaining  the  water  rate  oftlK 
engine    and    the    heat    consumed    per    pound    of   l( 
(Div.  101.     Hence  il  is  obvious  thai  the  values  neo 
the  computation  of  the  thermal  effieiencj 

1  he    -Willie    !e-t    i|;il:i    lis   :nr    i  ,'i  1 1  il  n  .  I    in   .1     \ 

S70  in  ;.  ■ 


.  Efficiency  Can  Also  He  Cm, en. 
tuowiNoTsj  Tam  Cook  Of  The  Am«*ica«  Bocwn  Of  Mm 

I'Isolnki.bs  which  is  given  in  a  condensed  form  in  St.'i-.  .'(M.  The  Tkst 
Code  is  a  conveniently  arranged  form  consisting  of  the  logical  anil 
lucccssive  stops  to  be  taken  in  the  calculation  of  engine-teat  raaulta. 
l.\  \mci.e.  — If  the  back  pressure  (exhaust  pressure)  in  Fig.  42(1  is  4  lit, 
T  II).  abs.l,  what  is  the  thermal  efficiency  of  tin  engine 
liaaeil  on  indicated  horse  power?  Solution. — By  For.  (32)  in  Sao.  SIT, 
Hn  -*#«¥,  +  li,  By  For.  (31):  Ed„  -  2M5/W«Cffri  -  /'».'. 
Now.  from  Fig.  420:  W.,  =  2550  +86  -  30Ib.peri.h.p.hr.  Therefore, 
with  tin-  results  found  in  the  example  under  Sec  ,'171  and  raking  \:ilue- 
from  a  standard  steam  (able,  the  thermal  efficiency  =  E,,,  =  2568/ 
W„|(irfW.  +  ff,.i  -  H„)  -  2545  +  3U[(0.98  X  850.8  +  338)  -  198.fi] 
=  0.0854  =  8.54  per  cent.   =  thermal  ijickua/  bvxtd  o«   indicated  Wif 

POUKT. 

Example. — If  the  supply  steam  in  the  preceding  example  were 
superheated  instead  of  wet  and  if  the  temperature  of  the  steam  al  (he 
throttle  was  435.4  deg.  fahr.,  what  would  be  (he  thermal  efficiency  of  the 
Mi  "'I  indicated  horsepower?  Solution. — From  V«r.  (31), 
the  therm*!  efficiency  -  EJ(,  -  2545/W.  (// ,  -  H„)  =  2545  +  [30 
\:sa:,m  -  WW)]  --  -'51.-,  +  3i,2W  -  0.08M  -  8.14  per  ami.  =  (*er- 
ew)  'Jficiciicy  based  on  indicated  horae  fmuwr. 

375.  The  Duration  Of  A  Test  Depends  Upon  The  Type  Of 
Test  Being  Made.— For  a  mechanical-efficiency  test,  sufficient 
time  should  be  allowed  for  five  or  six  load  increments  to  be 
applied.  For  water-rate  tests  the  Test  Code  of  the  American 
Society  of  Mechanical  Engineers  specifies: 

"  \   let)   lor  steam  or  heat  consumption,  with  sub»taiilial!\   nflnrtaal 
load,  should  be  continued  for  such  lime  as  may  be  necessary  to  obtain  n 
riii  ml  pit   of  successive   hourly   readings,   during   which    the    H 
reasonably  uniform.     For  a  test   involving  the  measurement   of  fo-d- 
water  foi  thia  purpose,  five  )mur> 

eondenser  is  used,  and  the  measurement  is  that  of  (he  water  discharged 
. .  the  duration  may  be  ROttMWhal  ihortor.  In  this  ease  successive 
half-hourly  records  may  be  compared  and  the  time  concsiMHidingly 
racbeod  When  (he  load  varies  widely  at  different  timen  of  the  day,  the 
duration  ehould  be  such  as  to  cover  the  entire  period  of  variation." 

376.  An  Acceptance  Test  Is  A  "Water-Rate  Ti 
engine  conducted  under  the  observation 
■ad  the  seller  lo  determine  whether 
of  steam  per  indicated  horae  power  b 

hour),  for   different   loadt   i 

the  piireli:i-in-  ■ 
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377.  In  Testing  Compound  Engines  the  same  procedure  can 
be  Followed  as  described  in  Bee.  367.    In  such  i  test 
sards  must,  be  taken  from  both  the  high- and  ton 
Cylinders    (see   Div.   8).     The   total   indicated   hm- 

"I'  tin-  engine  will  be  the  sum  of  the  indicated  horse  power  of 
the  high-  mid  of  the  low-pressure  cylinders.  The  teupemtan 
and  pressure  of  the  steam  in  the  receiver  should  be  recorded 
with  the  other  data.  An  arrangement  of  apparatus  Fot  testing 
a  compound  engine  is  shown  in  Fig.  421. 


Fi«.  «].—  Aimnei-n 

Mttpond  fiiginp.    rn 


..■,»l1r,l  ir: 


378.  In  Testing  High-Speed  Engines  care  should  be  used  to 
determine  the  speed  accurately.  The  indicators  and  reducing 
motion  .should  be  examined  for  lost  motion  as  this  may  (MUM 
a  noticeable  deformation  of  the  indicator  cards.  Some  simple 
method  (see  the  note  under  Sec.  101)  should  be  provided  EcW 
connecting  and  disconnecting  the  indicator  cord  from  the 
reducing  motion,  as  this  is  often  difficult  to  do  on  high-speed 
engines.  The  brake  load  should  be  applied  carefully  an  a 
slight  inaccuracy  in  loading  may  cause  a  large  error  in  power, 

379.  The  Clearance  Volume  Is  Often  Determined  In  Engines 
Testing  especially   to  enable  the    plying  of  the  theoreticj 
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expansion  curve  (Sec.  108).  The  clearance  volume  may  be 
found  by  setting  the  engine  carefully  on  dead  center  (Sec.  153) 
and  filling  the  clearance  volume  with  water  from  a  previously 
weighed  container.  The  difference  in  weight  of  the  container 
before  and  after  filling  the  clearance  space  will  give  the  weight 
of  the  water  in  the  clearance 
space.  From  this,  the  volume 
of  water  in,  or  the  volume  of,  « 
the  clearance  space  may  be 
calculated. 


Note. — Allowance    Should    Be 

Made     For    Leakt    Pistons    And 

Valves  When  The  Clearance   Ib 

Being  Determined  by  this  method. 

Data  may  be  obtained  (Fig.  422)  for 

the   necessary  correction  in  this  way: 

(1)    Observe  the   time  and  quantity   of 
water  required  to  fill  the  clearance  space 
at  a  uniform  rate.     (2)  Note  the  quan- 
tity of  water  required  to  keep  the  clear-    Fig.  422.— Method  of  determining  clear- 
ance space  completely  filled  for  any  con-        ""  volun"  m  aQ  engine  cylinder. 
venient    length   of  time.      (3)   The  clearance  volume  may  then  be  found  by 
substituting  in  the  following  formula: 

!.,V« 
"    2!.i 


w 


r  to  Indicator  Cock 


(57) 


■  v„  - 


<cu.  in.) 


Wherein:  Vt  —  the  clearance  volume,  in  cubic  inches.  Vn  =  the 
volume  of  water,  in  cubic  inches,  originally  necessary  to  fill  the  clearance 
space  at  a  uniform  rate,  t,,  =  the  time,  in  seconds,  originally  required  to 
fill  the  clearance  space  with  the  quantity  of  water  Vn-  I'\»  =  the  volume 
of  water,  in  cubic  inches,  necessary  to  keep  the  clearance  space  com- 
pletely filled.  ',]  =  the  time,  in  seconds,  required  for  introducing  the 
Volume  of  water  Vn. 

Derivation. — If  no  leakage  occurred,  V';,  the  clearance  volume,  in 
cubic  inches,  would  be  equal  to  Vih  which  is  the  volume  of  water,  in 
cubic  inches,  originally  necessary  to  fill  the  clearance  space  at  a  uniform 
rate.  But  if  there  is  leakage,  then  the  volume  of  water  lost  through 
leakage  must  be  determined.  It  is  apparent  that  during  the  time  (.,, 
which  elapses  while  the  clearance  space  is  filled  with  Vn,  the  rate  of 
leakage  around  the  piston  begins  at  zero  and  finally  attains  a  maximum 
as  the  water  level  reaches  the  top  of  and  fills  the  clearance  space.  It 
follows  that  the  average  rate  of  leakage  during  the  l.i  seconds  is  (very 
nearly)  one-half  of  the  maximum  rate.  This  maximum  rate  is  found  after 
the  clearance  volume  is  full  by  introducing  Vit.     The  maximum  rate  is 
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380.  It  Sometimes  Facilitates  The  Computation  Of  Test 
Results  If  The  Engine  And  Brake  Constants  Are  Calculated. 
T\ §*'■<#'  <<>ur\sxut*  ar*:  the  numerical  results  of  certain  factors 
wh i'')i  will  occur  in  t**t  computations  several  times  and  if  the 
''on-t,'Uit-  w  calculated  at  the  start  of  the  test  computations, 
*ome  time  will  \*:  saved.  The  engine  constants  are  obtained 
from  For.  Mfy  of  Sec.  121  and  will  not  be  discussed  here. 
The  brake  constant  is  obtained  from  For.  (41),  Sec.  357, 
which  in 

»M);  P/M/,  =  o«  rjfjjr{~  —  (b.h.p.) 

Wli«Ti'in:  2:  ir:  '.M,(HK)\  and  Lf  (effective  length  of  brake  arm 
in  feet.)  11  rr  all  constant  values  for  each  test.  The  brake 
constant  thru  is: 

9  T 

(HI )  kb  =  «« 000  (brake  constant) 

The  brake  horse  power  formula,  For.  (41),  then  becomes: 
(Hi!)  PMp  =  A-*  AT(W  -  WO  (b.h.p.) 

Wherein:  PM,>  the  brake  horse  power  developed.  fc6  =  the 
brake  constant.  A'  -  the  speed  of  the  engine,  in  revolutions 
per  minute  W  the  gross  load  on  the  scale,  in  pounds. 
Wi  the  tare- weight  of  the  brake,  in  pounds,  as  explained 
in  Sec.  Mil. 
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Example. — If  the  effective  brake-arm  length  for  an  engine  is  5  ft., 
what  is  the  brake  constant?  Solution. — From  For.  (61)  the  brake 
constant  =  kb  -  2tL//33,000  =  (2  X  3.14  X  5)  t  33,000  =  0.000,953 
=  the  brake  constant. 

Example. — If,  for  the  above  engine,  a  600-lb.  load  is  indicated  by  the 
platform  scale,  the  tare-weight  of  the  brake  is  50  lb.,  and  the  speed  of  the 
engine  is  180  r.p.m.,  what  brake  horse  power  is  developed  by  the  engine? 
Solution. — From  For.  (62),  the  brake  horse  power  =  PbhP  =  kbN 
(W  -  Wi)  =  0.000,953  X  180(600  -  50)  =  94.3  b.h.p. 

381.  An  Outline  Of  The  American  Society  Of  Mechanical 
Engineers,  Steam-Engine  Test  Code  which  will  standardize 
procedure  and  will  promote  accuracy  and  rapidity  of  calcula- 
tion follows: 

DATA  AND  RESULTS  OF  STEAM-ENGINE  TESTS 

Code  Of  1915 

1.  Test  of engine  located  at 

To  determine 

Test  conducted  by 


Dimensions,  Etc. 

2.  Type  of  engine 

3.  Rated  power  of  engine 

(a)  Name  of  builders 

(6)  Kind  of  valves 

(c)  Type  of  governor 

4.  Diameter  of  cylinder in. 

5.  Stroke  of  piston ft. 

Date  And  Duration 

6.  Date 

7.  Duration hr. 

Average  Pressures  And  Temperatures 

8.  Pressure  in  steam  pipe  near  throttle,  by  gage lb.  per  sq.  in. 

9.  Barometric  pressure in.  of  mercury. 

(a)  Pressure  at  boiler,  by  gage lb.  per  sq.  in. 

10.  Pressure  in  receiver,  by  gage lb.  per  sq.  in. 

1 1.  Pressure  in  exhaust  pipe  near  engine,  by  gage lb.  per  sq.  in. 

12.  Temperature  of  steam  near  throttle deg. 

13.  Temperature  of  steam  in  exhaust  pipe  near  engine dcg. 

Quality  Of  Steam 

14.  Percentage  of  moisture  in  steam  near  throttle  or  number  of  degrees 

of  superheat per  cent,  or  deg. 

14 
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Total  Quantities 

15.  Total  water  fed  to  Ixiilcr h. 

10.  Total  condenaod  steam  from  surface  condenser  (corrected  for  cos- 
denafir  leakage) lb. 

1 7.  Total  dry  steam  consumed  (Item  15  or  16  leas  moisture  in  steam),  .lb. 

Hourly  Quantities 

18.  Total  water  fed  to  boilers  or  drawn  from  surface  condenser  per 

hour lb. 

19.  Total  dry  steam  consumed  for  all  purposes  per  hour  (Item  17  +  Item 

7) lb. 

20.  Dry  steam  consumed  per  hour  for  all  purposes  foreign  to  the 

main  ongino lb. 

2 1 .  Dry  steam  consumed  by  engine  per  hour  (Item  19  —  Item  20) lb. 

Hourly  Heat  Data 

22.  lltvit  units  consumed  per  hour  [Item  21  X  (total  heat  of  steam  per 

pound  at  pressure  of  Item  8  minus  heat  in  1  lb.  of  water  at  tem- 
perature of  Item  13>] B.U. 

Indicator  Diagrams 

2tt,  roiittneivial  eut-off  in  per  cent,  of  stroke per  cent 

24,  Initial  pressure  above  atmosphere lb.  per  sq.  in. 

2«Y  liaok  pressure  at  lowest  point  above  or  below  atmosphere 

lb.  per  sq.  in. 
Speed 

2*V  Revolutions  per  minute r.p.m. 

V*0  Variation  of  speed  between  no  load  and  full  load per  cent. 

Powkk 

•7.   Indicated  horse  po*  er  developed. Lb.p. 

•S.   Hrake  horsv  po*  er. .  b.h.p. 

2^.   Krtciion  ot  enjitnc  J:em  27  —  Item  2S b-P- 

Koonomt  Results 

AV    Pr>  s:ww  *v:i$u:v.ed  b>  ec*^t:te  p*r  :  h  p.  hr lb. 

>t     l*r\  s;c»:»  svr.su v.*\i  b>  et*£*.:tt  ivr  b.h.p   hr.  lb. 

^C    IU\*:    u  *».::*    vviisuivoi  b>    ee^iae  jvr  ;  h  p.  hr.     Item  22  -s-  It*m 

*.*:■  R:.a- 

x<   Hv\i:    «:•.;:$   „vir.*u:r<\£  by   ec£*.">?  r*r  b.h  ?.  hr.     l»em  *£!  -s-  Iwm 

■>  Rr.x 

>k.    Wr  •»■.**  „*i*-:  ■%:«■:>    .i   ec^ve  Twrrrv.  -;     >  7.     i54rf.?  -s-  It«i  JI 
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"Note. — For  an  engine  driving  an  electric  generator  the  form  should 
be  enlarged  to  include  the  electrical  data,  embracing  the  average  voltage, 
number  of  amperes  in  each  phase,  number  of  watts,  number  of  watt 
hours,  average  power  factor,  etc.  and  the  economy  results  based  on  the 
electric  output  embracing  the  heat  units  and  steam  consumed  per 
electric  h.p.  hr.  and  per  kw.  hr.  together  with  the  efficiency  of  the 
generator.1' 

Editor's  Note. — The  Thermal  Efficiency  As  Found  In  The 

Above  Test  Code  Will  Differ  By  A  Small  Percentage  From  The 

Thermal  Efficiency  As  Found  By  For.  (31),  Sec.  317.     This  is  due  to 

the  fact  that  in  Item  22  of  the  above  code  the  total  heat  units  consumed 

by  an  engine  is  considered  as:  x«*W„(i/,i  —  Hit),  while  from  Fors.  (31) 

and  (32),  the  total  heat  consumed  by  an  engine  =  W„(x«*i/,  +  Hi) 

—  JEFis.     Wherein:  W*  =  the  weight  of  wet  steam  consumed  by  the 

engine  per  indicated  horse  power  hour.     xd  =  the  quality  of  the  supply 

steam  expressed  decimally.     Hti    =   the  total  heat  in  1  lb.  of  steam 

at  the  supply  pressure,  in   B.t.u.     Hn  =  the  heat  in  1  lb.  of  water 

at  exhaust  pressure,  in  B.t.u.     Hi  =  the  heat  in  1  lb.  of  water  at  the 

supply  pressure,  in  B.t.u.     Hv  =  the  latent  heat  of  vaporization  of 

1  lb.  of  steam  at  the  supply  pressure,  in  B.t.u.     The  difference  in  thermal 

efficiencies,  as  found  by  these  two  different  methods,  will  generally  not 

amount  to  more  than  one-half  of  1  per  cent. 

QUESTIONS  ON  DIVISION  12 

1.  What  are  the  purposes  of  testing  steam  engines? 

2.  What  is  meant  by  the  term  brake  horse  power t 

S.  What  is  meant  by  the  term  total  indicated  horse  power f 

4.  What  is  meant  by  the  term  friction  horse  power t 

I.  What  is  the  mechanical  efficiency  of  an  engine? 

f.  What  is  the  difference  between  a  revolution  counter  and  a  tachometer? 

T.  What  are  the  two  general  classes  of  load-measuring  apparatus? 

•.  What  is  a  Prony  brake?     Draw  a  sketch  and  describe  one. 

t.  What  is  the  principle  of  operation  of  a  fluid-friction-typc  brake? 

10.  What  is  meant  by  the  term  effectite  length  of  brake  armt  Illustrate  with  a 
%ketch. 

11.  What  is  the  effective  length  of  brake  arm  for  a  rope  brake? 

12.  What  is  the  tare-weight  of  a  brake  and  how  is  it  determined? 

IS.  How  may  the  electrical  loading  of  engines  for  testing  be  accomplished? 

14.  How  is  the  power  output  of  a  three-phase  alternating-current  generator 
determined? 

II.  Illustrate  with  a  sketch  how  the  wattmeter  connections  should  be  made  for 
determining  the  power  output  of  a  three-phase,  three-wire,  alternating-current  generator. 

If.  What  is  the  water  rate  of  a  steam  engine? 

IT.  How  are  steam  engine  water  rates  usually  expressed? 

18.  What  apparatus  is  necessary  in  a  water-rate  test?     Draw  a  sketch  and  explain. 

It.  When  and  how  is  the  steam  calorimeter  used  in  engine  testing? 

M.  What  is  the  general  procedure  in  testing  an  engine? 

21.  How  should  the  load  be  applied  in  engine  testing? 

22.  What  data  are  necessary  in  a  water-rate  test  of  a  compound  engine? 
2S.  What  precautions  are  necessary  in  testing  high-speed  engines? 

24.  How  may  the  clearance  volume  of  an  engine  be  determined? 
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PROBLEMS  OK  DlttSIOH  It 

1.  Ad  rniLuc  develop*  130  brake  bone  power  on  u  indicated  horaa  p 

1.  What  ■  the  brmke  hone  power  developed  by  u  cosine  (Fi«.  *23\  at  •  apred  ctf 
330  r.p.m.  with  a  net  wusbt  of  350  lb.  on  the  platform  •£*!«,  if  the  effective  lenrtholtat 
brake  arm  it  03  in. 7 

I.  What  i.  the  brake  constant  for  a  M-iB.  rope  brake  (Tic-  «4)  on  a  6-ft.  diameter 
B)-wheelT 

4.  An  eurine  uaea  5000  lb.  of  iteam  (97  per  eent.  qoali(y)  par  hoar  when  devrlopiiii 

indiraled  horse  paver  per  hour? 


t.  The  en«ino  of  Fig  120  uses  2SiO  lb.  of  M 

the  thermal  cffifivnfy  based  on  brake  horar  power? 

at  MM  lb.  rwr*.|.  in.  cur  and  nbauM  pn-atutT  at  a  lb.  per  ao.  in. ma*.  11  the naalrli tJ 
the  supply  fleam  ii  »  |»i  cir.1.  ajid  the  ruprhaniral  e&rarnry  of  tbe  iiiai  ■•O^f 
rent    M  thi*  load.  what  a  the  thermal  rffirienry  of  the  engine  baaed  OB  brake  b» 


DIVISION  13 

RECIPROCATING-ENGINE     MANAGEMENT,     OPERA- 

TION  AND  REPAIR 

382.  The  Purposes  Of  Proper  Engine  Management  arc: 
(1)  Reliability.  (2)  Efficiency.  Reliability  is  secured  by 
anticipating  all  common  sources  of  trouble,  such  as  knocks, 
hot  bearings,  clogged  condenser  passages  and  all  accidents  by 
careful  attention  while  the  engine  is  running;  and  post- 
poning the  repairs,  adjustment  and  overhauling  which  will 
eventually  be  necessary  until  a  shut-down  is  convenient. 
A  definite  upper  limit  which  the  efficiency  of  an  engine  cannot 
exceed  is  fixed  by  its  design;  but  the  efficiency  may  be  pre- 
vented from  becoming  unduly  low  by  avoiding  excessive 
leakage  and  friction,  and  by  correct  adjustment.  A  skillful 
operator  can,  by  the  sound,  detect  most  troubles  in  an  engine 
room  with  which  he  is  familiar.  By  early  detecting  and 
correcting  trouble  and  by  regular  inspection,  an  engine  may 
be  kept  in  perfect  condition  with  a  minimum  of  effort. 

383.  An  Important  Duty  Of  An  Engineer  Is  To  Become 
Thoroughly  Familiar  With  The  Equipment  Which  He  Is  To 
Operate. — The  first  day  which  an  engineer  spends  in  a  new 
plant  or  one  for  which  he  is  to  assume  responsibility  usually 
provides  the  best  opportunity  for  a  general  inspection. 
Among  the  parts  which  it  is  well  to  include  in  such  an  inspec- 
tion are: 

1.  Cylinders.     If  the  cylinder  heads  have  been  removed  (or  if  there 

is  time  for  removing  them)  see  that  the  piston-rod  nuts  and  bolts  of  the 

follower-plate,  F  (Fig.  425),  are  tight  and  well  secured.     A  set  screw  or 

lock  nut  (Fig.  426)  is  recommended  for  the  piston-rod  nuts.     Note  the 

condition  of  the  cylinder  walls,  whether  they  are  scored  or  pitted.     Note 

•to  the  linear  clearance  between  the  piston  and  cylinder  head  at  the 

flf  the  stroke,  and  mark  this  distance  on  the  guides  for  refercn™* 

•  cylinder  head  is  off,  the  amount  of  piston  and  valve  lea 
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may  be  noted  by  admitting  a  little  steam  to  the  crank  end  at  crank-rod 
dead  center  and  noting  the  escape  of  steam.    Use  a  good  gasket  coated 
with  graphite  in  closing  the  cylinder.     In 
replacing  the  cylinder  head,  bo  sure  that 
the  cylinder  walla  are  free  from  grit,  are 
well  lubricated,  and  that  no  tnols  or  other 
obstructions  remain  in  the  cylinder. 
.  Voire*.     If  valve  chest  i 
{or  if  there  is  time  for 


them)  nulc  Hie  condition  <>f  (he  valves.     Measure  the  laps  (Sec.  1*1! 

for  future  adjustment  and  if  feasible  make  templets  as  deseribcti  in 
See.  157.  Also  note  the  valve  action  l>v 
turning  the  engine  over  by  hand  (if lnc 
engine  is  small)  with  the  cover  off.  Hike 
sure,  in  replacing  the  covers,  that  Ihe  valve 
client  is  clean,  the  rubbing  surfaces  well 
lubricated,  and  (hat  the  gaskets  used  fur 
the  covers  are  in  good  condition.  Pump 
valves,  if  found  in  poor  condition,  should  Iff 
rcfaced  or  replaced. 

3.  Flu«-h"}.     Note  if  (he  dead  centers  in 

marked  (See.  153)  on  (he  flywheel  rim  for 

vsilve  selling.     If  llic  engine  is  small,  turn 

e  if  there  is  undue  trie- 


1.    lt.nrh.-J 


I  to 


its  he; 


-uif**. 


Any  bearing  iff  buses  which  arc  dissembled  should 
be  examined,  cleaned  if  necessary  and  adjusted.  The  condition  of  all 
bearings  and  their  oil  passages  should  be  ascertained  as  f ar  as  poanbk. 
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Clean  out  oil  holes,  put  in  fresh  oil  and  fill  with  waste  (Fig.  427)  if 
exposed. 

5.  Stuffing  boxet.  It  the  packing  appears  to  be  in  good  condition,  oil  it 
and  screw  up  to  a  reasonable  compression.     If  not,  repack  (Sec.  415). 

6.  A  uriliaries.  The  engineer  is  usually  in  charge  of  some  or  all  of 
the  power  plant  auxiliaries.  For  care  of  these,  sec  the  author's  Steam 
Power  Plant  Auxiliaries  And  Accessories. 


'•§oK,,T 


7.  Pump*.  These  should  be  given  the  same  sort  of  inspection  as 
the  engine  as  far  as  it  is  applicable;  sec  Steam  Power  Plant  Auxiliaries 
And  Accessories. 

8.  Condentera.  If  the  steam-apace  : 
cover  of  a  surface  condenser  is  removed, 
inside  and  out.  If  the  grease  is  excessivi 
should  be  filled  with  water  and  boiled 
apace  will  issue  from  any  split  tubes 
be  renewed,  repacked  or  tightened 


hole  cover  or  water-space 
c  the  condition  of  the  tubes 
the  outside,  the  steam  space 
..  The  water  in  the  steam 
leaky  tube  glands.  These  should 
required.     The  condition  of  the 


sprays  and  passages  of  a  jet  condenser  should  be  ascertained  if  possible. 
See  the  author's  Steam  Power  Plant  Auxiliaries  And  Accessories 
for  further  information  relating  to  condenser  operation  and  n 
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0.  Piping.  Trace  out  all  piping  connected  with  the  engine  (Yip, 
428  anil  441)  nnd  the  auxiliaries.  If  difficulty  is  experienced  in  keeping 
the  piping  in  mind,  sketch  diagram! 
(Fig.  429)  may  be  used,  o 
the  different  systems,  i.e.,  city  water, 
low-pressure  steam,  condenser  wster, , 
etc.,  may  be  marked  with  occasioDil 
stripes  of  different  colors.  Tbelocv 
tions  of  all  valves  should  be  can- 
fully  noted.  Piping  that  is  rusting 
rapidly  should  be  cleaned,  painted 
and  protected  from  water  if  possible. 
Exposed  steam  or  hot-water  piping 
should  be  lagged.  Exhaust  lines  to 
condensers  (Fig.  430)  and  atmosphere 
and  valves,  G,  for  changing  from 
condensing  to  non-condensing  oper- 
ation should  be  examined. 

10.  Drains.  Drains  both  on  the 
engine  and  piping  and  tbc  traps 
used  in  connection  with  them  should 
he  noted  and  tested  to  make  sure 
that  they  arc  clear. 

11.  Instruments.     The  pet  cocks  on  gage  glasses  should  be  tested 
ii  see  if  they  are  clear.     It  should  be  noted  whether  the  pressure  gagM 


fw.     !>•   -Si, -«::-!   lu.s 
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12.  Tool*.  Sec  that  tools  for  oiling  and  for  simple  repairs  ;uid  adjust" 
i*flte  are  in  place, 

13.  Supplies.  See  that  cylinder  and  engine  oil  ami  grease,  gasket 
ttk,  putoa  and  eudle-wickirtg  packing,  waste,  red  lead,  graphite,  and 
her  -supplies  arc  on  hand, 

384.  All  Steam  Engines  Should  Be  Warmed  And  Drained 
Jefore  Starting.— The  pipe,  A  (Fig.  431),  leading  to  the  engine 
should  he  warmed  and  drained  before  the  throttle,  C,  is  given 
a  large  opening.  This  is  to  insure  that  the  steam  which  con- 
denses Jn  warming  the  pipe  will  not  run  into  the  engine.     To 


DiwhlinrJjliW-StaKr  Trap  -j 
Flo.  *31.— Slcnn,  piping  In  ■ 


,„,.!<■  I 


do  this,  the  drain  valve,  D,  should  be  opened  and  stop  valve, 

B,  opened  a  very  little.     While  the  pipe,  .1,  is  being  wormed, 
;  drain  valves,  E  and  F,  should  be  opened  and  the  throttle, 

C,  loosened  on  its  seat  to  prevent  sticking.     After  the  pipe,  A , 
s  warmed,  the  valve,  B,  may  be  opened  wide;  but  neither  B 

1  should  lie  opened  suddenly  sinci-  :i  stiddm  large  flow  of 

1  through  a  pipe  is  likely  to  draw  water  from  the  boOez 

i  mi, iy   wreck  the  piping.     Then  either  the  throttle,  (', 

!  valve,  G,  may  be  opened  slightly  to  warm  up  the 


:■■     I       ilNEsMrST  B«  \V\it\na-  I'l'Sumii. 

o  for  engines  of  i  ;i| ilies  (>\L->-i-diiig   1 00  li.p, 

20  min.  before  t In-  ■.■num.-  is  lo  lit  Marled. 


>j.ii.i:iI, 
.  should 
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in  the  boilers  are  just  being  started  when  it  is  desired  to  warm  the  a  _ 
the  stop  and  throttle  valves  may  both  be  opened  so  that  win  airfrai 
the  boiler  will  pass  through  the  cylinders.    But  the  atop  and  throttk 
valves  should  both  be  nearly  closed  as  soon  as  the  boiler  begins  to 


Nora. — Independent  Os  Central  Lubricators,  ¥  (Kg.  432),  Fox 
The  Guides,  Crank  Pin  Os  Other  Bearings  should  be  started  just 
before  the  engine  is  started.  The  cylinder  lubricator,  X  (Kg.  411), 
should  be  started  as  soon  as  the  engine  begins  to  turn  over. 


Worlu.) 


Note. — The  Type  Of  Governor  Makes  No  Difference  In  Start- 
ing And  Stopping  Slide-Valve    Engines    because    the    governor— 

whether  throttling  or  automatic — is  not  in  action  while  the  engine  is 
starting  or  stopping.  It  comes  into  play  only  when  the  engine  is  running 
near  the  speed  for  which  the  governor  is  set.  The  methods  of  handling 
Corliss-engine  governors  when  starting  or  stopping  the  engine  are 
described  in  Sec.  392. 

386.  A  N  on -Condensing  Slide-Valve  Engine  May  Be 
Started  an  follows:  The  drain  cocks,  E  and  F  (Fir.  431), 
arc  assumed  to  be  open,  the  stop  valve  open,  the  throttle 
just  off  its  seat,  the  lubricator*  for  the  bearings  started  and 
the  engine  warmed.  Unless  there  are  by-pass  warming 
pipes,  MS  (Fig.  433),  to  both  ends  of  the  cylinder,  the  engine 
should,  in  wanning,  be  rotat*"1  "-  rocked  back  and  forth  * 
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Throttle 
Valve-. 


a 


By-Rns 
Warming  f^pes 


/7777X 


v///////////// 


allow  steam  to  enter  both  ends  of  the  cylinder.  The  engine 
is  then  preferably  placed  about  20  to  30  deg.  past  dead  center. 
It  is  started  by  quickly  opening  the  throttle  enough  to  carry 
the  engine  past  its  first  dead 
center.  After  the  first  dead 
center  has  been  passed,  it  may  be 
necessary  to  again  partially  close 
the  throttle  to  prevent  the  en- 
gine's speed  from  becoming  ex- 
cessive. The  speed  should  be 
kept  low  at  first  and  be  grad- 
ually brought  up  to  running 
speed    by    further   opening    the      r     jno    ol     .    , 

.!        ...      J     .  mu       l    u   •      x  Fia.  433.— Showing  by-pass  to  both 

throttle    Valve.       Ihe     lubricator,     ends  of  an  engine  cylinder  to  facili- 

X     (Fig.     432),     Should     nOW     be     tate  warming. 

started.    As  soon  as  the  drain  cocks,  EF  (Fig.  431),  blow  dry 
steam,  they  may  be  closed. 

386.  The  Engineer  Should  Feel  An  Engine's  Bearings  After 
It  Has  Been  Running  A  Short  Time,  say  in  from  15  min.  to 
1  hr.,  depending  on  the  load  on  the  engine.     They  should  not 

Fingers  And 
Sleeves  Out  Of 
The  Way 


Position 

When  Running  ^ 

"Under"         * 


Path  Of 
Connecting- 
Rod  Fnd. 


y'      Position  When 
-**'       Running  "Over" 

Fio.    434. — Showing  method  of  feel- 
ing crank-pin  bearing. 


Fia.  435. — Feeler  for  detecting  heating  of 
inaccessible  bearings.  (The  behavior  of  the 
candle  when  pushed  against  a  hot  bearing 
may  be  tested  by  pushing  it  against  a  feed- 
water  or  low-pressure  steam  pipe.) 


be  more  than  slightly  warm.  The  crank-pin  bearing  may  be 
felt  with  the  palm  of  the  hand  if  the  path  of  the  moving  connect- 
ing rod  end  is  carefully  noted  (Fig.  434),  but  care  is  necessary 
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to  avoid  being  caught  or  hit  by  a  high-speed  rod.  If  there 
seems  to  be  too  much  oil  flowing  to  any  of  the  bearings,  the 
supply  may  be  cut  down.  If  any  bearing  shows  a  tendency 
to  heat  up  to  such  a  temperature  that  the  human  hand  can- 
not be  held  on  it,  it  should  be  given  plenty  of  oil.  About  130 
dog.  fahr.  is  a  conservative  maximum  allowable  bearing  tem- 
perature. For  treatment  of  hot  bearings,  see  Sees.  412  and 
413. 

NoTB.— Where  bearing*  arc  inaccessible,  a  feeler  (Fig.  435)  may  be 
used.  A  Httle  practice  will  enable  the  operator  to  judge  the  temperature 
of  an  object,  against  which  the  candle  of  the  feeler  is  pushed. 

387.  To  Stop  A  Slide-Valve  Non-Condensing  Engine,  it  is 
only  necessary  to  close  the  throttle  valve.  If  the  engine  is 
to  remain  idle  for  some  time,  the  main  stop  valve  should  be 
closed  and  all  the  oil  feeds  shut  off.  The  throttle  should  be 
left  loosely  on  its  seat  so  that  there  will  be  no  trouble  in  opening 
it  again.  If  the  stop  is  for  a  few  minutes,  the  drains,  E  and  P 
(Fig.  431),  should  be  opened  and  either  the  throttle  or  by-pass 
valves  opened  a  little  to  keep  the  engine  warm  and  drained. 
If  the  engine  is  a  hoisting  engine  operated  by  signals  from  some 
other  point,  the  engineer  should  stand  by  for  further  signals. 
If  the  signal  to  start  again  is  expected  in  a  few  seconds,  nothing 
but  the  throttle  and  perhaps  the  reversing  gear  need  ordinarily 
be  touched.  If  the  engine  is  to  be  laid  up  (see  Sec.  398)  for 
some  time,  the  drains  should  be  opened  and  be  left  open  until 
the  engine  is  started  again. 

Note.— Xox-KKLKASL-sd  Corliss-Valve  Engines  Mat  Be  Started 
And  Stepped  In  Tub  Same  Way  As  Are  Slide-Valve  Engines.  There 
ik  less  trouble  in  draining  the  cylinders  of  Corliss-valve  engines  because 
I  ho  exhaust  valves  of  such  engines  are  so  located  that  the  condensed 
Hi  cum  drains  through  them.  These  engines  ore  therefore  not  alw»j» 
provided  with  cylinder  drains.  In  starting  the  engine,  first,  open  the 
throttle  valve  sufficiently  to  permit  the  engine  to  "warm  up."  Ttao 
close  the  throttle  and  turn  ilic  "iigine  ovat  bf  kaod  to  allow  any  ton- 
donsaliuM  (,,  II,™-  fri.ru  [)•<■  «-yl u.-.J. -r.  Now  open  the  throttle  just  etioufh 
to  allow   the  engine  to  run  veTyjkaat^m     Ml  is  thoroughly  wn«n- 

brought  up  t' 

388.  A  Slide 
rately  Op< 


3S9|    RECIPROCATIXG-EXGFXE  MANAGEMENT 


The  Pumps  Are  Started. — Whore  the  condenser  putnps  arc 
driven  mechanically  from  the  main  engine  theystftrt  simuHane- 
-■u-ly  with  it.  In  starting  a  slide-valve  condensing  engine, 
start  the  circulating  and  air  pumps  of  the  condenser  according 
to  directions  for  starting  non-condensing  engines  (Sec.  385). 
When  there  is  an  average  flow  of  cooling  water  through  the 
condenser  and  a  few  inches  of  vacuum  are  produced  in  it, 
the  engine  may  be  started  exactly  as  described  for  non- 
londensing  operation.  When  the  cylinder  drain  valves  are 
open,  there  will  be  little  vacuum  due  to  the  drain  valves 
admitting  air.  The  engine  may,  of  course,  be  warming  up 
while  the  condenser  is  being  started.  After  the  engine  has 
been  running  condensing  long  enough  to  give  a  constant 
temperature  in  the  condenser,  the  circulating  and  air  pumps 
may  be  adjusted  to  give  the  desired  condenser  pressure  and 
condensate  temperature.  The  condensate  temperature  should 
ordinarily  be  about  100  to  120  deg.  fahr.  The  condenser 
pressure  should  be  about  26-26.5  in.  of  mercury  vacuum  or 
about  1.5-2  lb.  per  sq.  in.  abs. 

Nijti:.— The  atmospheric  relief  valve,  G  (Fig.  430),  must,  of  course,  !»■ 
closed  when  starting  condensing.  If  there  is  a  centrifugal  condensate 
pump,  it  may  have  to  be  primed  or  a  valve  in  the  condeuaale  line  closed 
before  a  vacuum  can  be  established  in  the  condenser.  If  such  a  valve 
is  closed,  it  must  be  opened  again  and  the  pump  started  as  soon  as  a 
little  condensate  accumulates  in  the  eondenser. 

Note. — To  star!  several  elicit)''*  whieli  have  a  common  exhaust  header 
and  condenser  [Kg.  '130)  proceed  u  follows:  Stiirt  the  engine  warming 
and  draining.  With  the  valves  in  the  exlinnst  lines  from  the  engines 
i-losed,  start  the  condenser.  Close  the  (train  valves  and  open  the  exhaust 
line  valve  on  each  engine  just  before  it  is  started. 

389.  Condensers  Should  Be  Started  Before  Starting  The 

Main  Engine  And  Stopped  After  The  Main  Engine  Has  Been 

Stopped. — If  the  engine  is  started  first,  it  will  exhaust  out  the 

heric   outlet   and    run   non-condensing.     Similarly,  if 

the  condenser  is  stopped  first,  the  atmospheric  relief  valve 

i    and   the   engine   will   :tgain   run    non-condensing. 

in  amount  of  oily  water  will  be  then  left  in  the  cou- 

itil  it  is  again  used. 
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denser  and  causing  da mage.  In  a  barometric  condenser,  the  tail  pipe 
m  of  such  a  length  over  35  ft.  that  water  cannot  be  sucked  into  the 
exhaust  pipe.  Ejector- jet  condensers  and  low-level  jet  condensers 
(see  Figs.  350  and  352  ordinarily  employ  vacuum  breakers  which  open 
a  valve  in  the  condenser  shell  if  the  water  level  becomes  too  high.  The* 
condensers,  moreover,  are  usually  located  below  the  engines  and  so 
arranged  that  if  a  vacuum  docs  form  in  the  exhaust  pipe  due  to  steam 
remaining  therein  after  the  engine  has  been  shut  down,  no  water  will  be 
sucked  into  the  cylinder.  Nevertheless,  condensate  pumps  and  wet-air 
pumps  should  always  be  run  lung  enough  after  the  main  engine  has  been 
stopped  to  clear  the  apparatus  of  water. 

390.  Air  Leaks  Constitute  The  Most  Important  Source  Of 
Trouble  In  Condensing  Operation. — Leaks  may  be  detected 
by  means  of  a  lighted  candle.  The  flame  will  be  sucked  to- 
ward a  condenser  leak  since  in  the  condenser  the  pressure 
is  below  atmospheric.  Leaks  may  occur  at  valve-stem  and 
piston-rod  stuffing  boxes,  in  pipe  joints — in  fact  anywhere  in 
any  joint  holding  the  vacuum  in  the  condenser,  engine,  air 
pump  or  piping.  The  effect  of  such  leaks  is  cither  to  decrease 
the  vacuum,  or  to  increase  the  power  required  by  the  air 
pump  in  maintaining  the  vacuum,  or  both. 

Notk.-  The   Unavoidable  Difkekknck  Between  The  Theoretic- 
ally   I'OSSIHI.E    V ACT  I'M     A  XI)    TllE    ACTUAL    ATTAINABLE     VACUUM    I* 

I'si'ally  Less  Than  }•»  In.  of  mercury  in  Jill  large  condensers  and  ii  i 
little  more  for  small  condensers.  The  theoretical  vacuum  is  rha: 
corresponding  in  a  tahle  of  saturated  steam  properties  to  the  tempeni'urt 
of  the  condensate  which  is  withdrawn  from  the  condenser. 

391.  Steam  Engines  Are  Stopped  In  Exactly  The  Same  Way 
Whether   Condensing   Or   Non-Condensing   as   far   as  the 

engines  themselves  are  concerned.  The  condensing  apparatus 
must  also  be  stopped  afterward.  If  there  is  a  centrifucd 
circulating  pump,  located  above  the  water  supply,  the  valve* 
in  the  circulating- water  line  should  be  closed  so  that  tfe 
piping  will  remain  full  of  water  and  the  pumn.  when  again 
started,  will  not  have  to  be  primed.  Hei'o^  V-aving  a  conde» 
ing  engine,  the  vacuum  >hould  be  broken.  \hia  is, 
atmospheric  relief  valve  or  <t>me  other  valve  sh""1 
so  t hat  atmo.-spheric  pressure  will  be  restored 
and  piping. 

\«MI\        I'll  V\<;i\i.    I'uuM    l/uN"* 

rn»\  l^  U"Uali\  an  ac-idon!  dir 


,u 
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bound  because  of  the  failure  of  one  of  the  pumps.     If  the  atmospheric 
relief  valve  does  not  stick,  there  will  be  no  damage  done  when  this 
happens.     The  pressure  built  up  by  the  engine,  when  the  condenser 
fails,  opens  the  valve  and  the  engine  then  exhausts  into  the  atmosphere. 
(Some  uniflow  engines  will,  when  the  vacuum  is  destroyed,  discharge 
steam  from  the  cylinder  relief  valves.    This  condition  should  be  accepted 
as  a  warning  that  the  valves  which  increase  the  clearance  volume,  Sec. 
334,  should  be  opened.)     To  intentionally  make  the  change  from  con- 
densing to  non-condensing  operation,  stop  the  condenser  pumps,  block 
open  the  atmospheric  relief  valve  if  desired  and  close  the  steam  valve  in 
the  exhaust  line  to  the  condenser.    To  change  back  to  condensing 
operation,  first  make  sure  that  the  condenser  pumps  are  working  properly 
and  that  there  is  a  good  supply  of  circulating  water  through  the  con- 
denser.    Then  gradually  open  the  steam  inlet  valve  to  the  condenser 
while  the  atmospheric  relief  valve  is  being  gradually  closed. 

392.  In  Starting  A  Simple  Detaching  Corliss-Valve  Engine, 
warm   up  as  described  for  slide-valve  engines.     Since  the 


Thumb  Screw 


V  Wrist-Pkrte  Pin 


II-  Disengaged 


M-Enlarged  Section  XX 


Fia.  436.— Hook-rod  or  reach-rod  of  Corliss  engine  hIiowuik  latch  for  cnscaiting  wrist- 
plmte  pin.  (To  permit  wrist  pin  to  enter  or  leave  slot,  unscrew  S  until  it  leave*  Um  Meat. 
then  pushing  AT  to  the  left  will  also  slide  the  latch,  L,  to  the  left  and  open  the  slut.) 

exhaust  valves  of  Corliss  engines  are  usually  located  at  the 
bottom  of  the  cylinder  there  are  often  no  drain  valves  or  cocks. 
steam  which  condenses  in  the  cylinder  drains  through 
valves  and  is  removed  by  a  trap  in  the  exhaust 
\g  up  a  Corliss  engine,  first  unhook  the  reach 
^igs.  430  and  437)  and  close  the  latch  so 
fc  operated  independently  of  the  cccen- 
rting  lever,  L  (Fig.  43S),  which  may 
•e  wrist  plate,  alternately  lift  the 
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admission  valves  so  as  to  admit  steam  to  both  ends  of  the 
cylinder.  At  first  not  enough  steam  should  be  admitted  to 
move  the  engine  piston;  later,  by  rocking  the  starting  lever,  the 


Reach- 
Rod  Pin- 


Wrist 
Plate- 


Reach 
Rod 


Ridgid!y\, 
ToM) 


Engaging- 
Latch 
Handle 


Fio.  437. — Reach-rod  and  latch.  (This  is  another 
construction  used  for  the  same  purpose  as  that  in 
Fig.  436.  To  loosen,  first  unscrew  F  then  pull  out 
the  handle  connected  to  C\) 


Fio.  438.  —  Corliss  engine 
starting  lever  and  wrist 
plate. 


-  Throw  Lever  L  So  As 
.  To  Lift  Head  End  \tofvc^ 
■ >ft 


engine  piston  may  be  caused  to  reciprocate  back  and  forth 
a  part  of  a  stroke.  When  the  engine  is  thoroughly  warm 
and  ready  for  starting,  open  the  throttle  a  little  more  and  lift 

the  proper  admission  valve 

a*.  .  to  start  the  engine  in  the* 

Al_^l;    desired  running  direction. 

.    ~*^    That  is  (Fig.  439),  to  run 

"over"    (Sec.    31),  admit 

steam  to  the  head  end  if 

the  crank  pin  is  above  the 

shaft  and  to  the  crank  end 

wrist  plates  of  a  construction  different  from  that  if  the  Crank  pin  is  below  the 

hero  shown  it  may  bo  ,™ry  t„  move  the  fl    ft        jf  tfa                k  ■    j       j 

lever,  L,  m  the  opposite  direction  from  that  in  #                                    ■*•*«.  *«  »v  » 

which  the  piston  is  to  move.     But  for  the  crank  with    the    shaft,   the  engine 

,>„,iti,m  *ow«  in  the  .b«ve  uiu«inti.,n.  the  js  on  dea<i  center  and  must 

head-end  admission  valve  should,  m  every  case, 

be  lifted  to  start  the  engine  running  over,  that     be  barred  Or  jacked  to  a  C0I1- 

i,.  in  the  direction  indicated  by  the  arrow.)  vcnient     Starting     position. 

Those  directions  assume  a  horizontal  engine  but  the  same 
methods  may  be  readily  applied  to  vertical  engines.  Operate 
the  valves  by  hand  until  the  engine  attains  sufficient  speed  to 
carry  it,  by  momentum,  at  least  one-half  a  revolution.    Then 


Shaft 
Crank  Shaft 


Fio.  439. — Showing   how   to  start  a  Corliss 
engine    running     "over."     (For    engines   with 
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,  Governor  Sleeve 

* 

'  Arm  Spindle- 

Pivots-.. 


slide  (swing  or  screw  according  to  the  construction  used) 
the  latch  of  the  reach  rod  so  as  to  allow  the  reach-rod  pin  to 
be  caught  and  held  properly.  Then  remove  the  starting  lever 
and  return  it  to  its  rack  and  gradually  open  the  throttle 
wider  to  bring  the  engine  up  to  speed.  After  the  engine  is 
running  at  normal  speed  and  under  control  of  the  governor 
open  the  throttle^  valve  to  its  maximum  opening. 

Note. — If  By  Negligence  The  Governor  Has  Been  Allowed  To 
Fall  To  The  Safety  Position,  the  engine  will  not  start;  see  Sec.  216. 
In  stopping  after  the  preceding  run  the  gov- 
ernor should  have  been  brought  to  rest  on  the 
tart  cam  or  block,  £^(Fig.  440;  see  also  S, 
Fig.  247).     If  it  is  not  on  the  cam  it  must 
be  lifted  to  the  starting  position  by  hand  or 
with    a    tackle   before    the   engine   can   be 
started.     After  the  governor  lifts,  the  start- 
ing   cam  should  fall  out  of  the  way  of  its 
own  weight.     If  it  does  not,  it  should  be  so 
turned  that,  in  case  of  an  accident,  the  gover- 
nor may  fall  to  the  safety  position. 

Note. — In  Starting  Uniflow  Or  Pop- 
pet-Valve Engines  observe  the  following 
instructions.  Poppet-valve  counterflow  en- 
gines may,  in  general,  be  started  as  was 
"directed  in  Sec.  387  for  non-releasing  Corliss 
engines.  Poppet-valve  engines  which  operate  on  high-pressure  super- 
heated steam  must  be  very  carefully  drained  as  they  are  warmed  because, 
since  the  walls  must  be  heated  to  such  a  high  temperature,  condensation 
during  warming  will  be  very  rapid.  For  this  reason,  such  engines  should 
be  very  slowly  started.  In  starting  a  uniflow  engine,  first  drain  all  water 
from  the  steam  manifold,  cylinder  heads  and  exhaust  cages.  Then  close 
the  drains  and  "crack"  the  throttle  so  that  these  parts  may  be  warmed 
by  the  live  steam.  After  ten  or  fifteen  minutes  again  open  all  drains. 
Then  turn  the  engine  so  that  its  crank  is  a  little  ahead  of  dead  center  and 
open  the  throttle  a  little,  leaving  the  drains  open  for  a  few  minutes  so 
that  all  water  may  flow  from  the  engine.  Immediately  after  opening 
the  throttle  turn  on  the  oil  to  all  bearings.  Allow  the  engine  to  run  slowly 
for  some  minutes  while  all  lubrication  may  be  inspected  for  proper  action. 
A  new  engine  should  be  speeded  up  only  in  the  course  of  two  or  three 
hours  and  all  of  its  bearings  should  be  left  loose  so  as  to  peen  themselves 
to  a  better  wearing  surface. 


■fovcrnor    |; 

'Rod^     **** 
To  Throttle  Column-' 

I-VilterType      I-FultonType 

Fiq.  440.  —  Starting  block 
(or  cam)  for  Corliss  engine 
governors. 


393.  In  Stopping  A  Detaching  Corliss  Engine,  throw  the 
starting  cam  or  block  (B,  Fig.  440)  of  the  governor  into  the 
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starting  position  before  or  immediately  after  turning  off 
the  steam.  The  governor  will  then  come  to  rest  on  the  am 
and  be  in  proper  position  for  starting  again.  On  some  engines— 
the  Vilter  for  example — there  is  a  rod,  running  f  rom  the  governor 
starting  cam  to  the  throttle  valve,  which  automatically  pla« 
the  starting  block  in  the  starting  position. 

394.  In  Starting  A  Compound  Corliss  Engine,  it  is  nec«- 
sary  to  warm  both  cylinders.  There  is  usually  a  by-pass,  P 
(Fig.  441),  or  pass-over  valve  for  admitting  live  steam  to  the 
receiver,  from  which  the  steam  will  pass  to  the  low-pressure 


IKe-     .--LZ.-1 


cylinder.  Tims  this  by-passed  steam  warms  both  the  receiver 
and  the  low-pressure  cylinder.  The  low-pressure  and  high- 
pressure  cylinders  may  therefore  be  warmed  simultaneously 
about  as  explained  for  simple  engines  in  Sec.  392.  The  drain, 
I),  on  the  receiver  should  be  opened  if  not  already  so.  The 
by -pass  valve  in  P  is  given  only  a  slight  opening  so  that  a  high 
pressure  will  not  be  produced  in  the  receiver.  A  cross-com- 
pound engine  may  usually  be  started  by  opening  the  throttle. 
If  the  high-pressure  piston  is  on  dead  center,  open  the  by- 
pass valve  in  !'  sufficiently  to  give  several  pounds  receiver 
pressure;  then  the  low-pressure  piston  will  usually  start  the 
engine.  If,  after  opening  the  valve  in  P,  the  engine  does  not 
start,  then  either  the  cut-off  is  so  early  that  no  at! mission  valve 


4 


See.  335]    RECIPROCATING-ENGINE  MANAGEMENT  387 

is  open  or  there  is  excessive  friction.  If  no  admission  vulw 
is  open,  then  one  of  the  admission  valves  must  lie  opened  by 
lifting  its  dash-pot  piston  with  a  starting  lever.  If  now  tbt 
engine  does  not  start,  there  being  ample  steam  pressure  and 
throttle  opening,  the  friction  is  excessive  or  it  is  jammed. 
A  bearing  may  have  seized  or  the  piston  become  rusted  in 
or  jammed  in  the  cylinder.  Tandem -com  pound  engines  arc 
started  just  as  are  simple  engines  but  for  them  only  the  high- 
pressure  cylinder  valves  need  be  operated  by  hand. 

Note.— If  There  Is  No  By-Pass  Valve  On  A  Compound  Engine, 
steam  must  be  worked  into  the  low-pressure  cylinder  by  working  the. 
high-pressure  cylinder  valves.  The  low-pressure  cylinder  docs  not  need 
to  be  as  warm  as  the  high-pressure  cylinder  because  it  will  operate  tit.  a 
tower  temperature. 

Note. — Tandem-i  'uMi'ursn  Sliiie-Valve  Engines  Abb  Started 
just  as  are  simple  slide-valve  engines  except  that  the  low-pressure 
cylinder  must  also  he  warmed,  drained  and  oiled.  Cross-compound 
slide-valve  engines  are  started  similarly  also;  but  such  engines  will 
nearly  always  start  when  the  throttle  and  by-pass  are  opened.  The 
use  of  the  receiver  is  the  same  as  explained  above  under  compound  Corliss 
engines. 

395.  Compound  And  Multi-Expansion  Engines  Are  Stopped 
As  Are  Simple  Engines,  by  closing  the  throttle.  Tin.'  only 
difference  in  the  starting  and  stopping  of  multi-expansion 
engines  is  in  the  greater  number  of  parts  to  be  taken  care  of .  As 
far  as  oiling  and  draining  are  concerned,  each  cylinder  of 
:i  multi-expansion  engine  may  lie  treated  us  a  simple  engine, 
although  there  is  usually  a  central  force-feed  lubricator  for 
multi-expansion  engines;  Sec.  .507. 

'  ondensino  Operation  Of  Cokpoukd  Enoctm  requlm 
no  special  explanation  beyond  that  already  given.  The  low-pressure 
cylinder  is  the  only  one  directly  affected  by  the  condenser.  For  more 
complete  directions  for  condenser  maintenance,  sec  the  author's  Steam 
I'i>\\  r: Et  Plant  Auxiliaries  And  Accessories. 

396.  Regular  Inspection  Trips  Should  Be  Made  Through 
A  Power  Plant  At  Least  Once  Each  Hour.— All  equipment 
tot  which  the  engineer  is  responsible  should  be  examined  on 
such  trips,  "n  these  inspection  trips,  listen  for  unusual 
sounds  and  knocks,  feel  for  hot  bearings,  and  look  fur  leaks  of 

Jill  sorts.     The  oil  supply  in  all  oil  cups  and  lubrioaton  should 
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>:  •-rit-i-.-si—  i  -J.  lirly  to  be  necessary  before  the  next  trip. 
>■■"  ~z*i'  .''..  .-  ■•- -r-c  fed  properly  to  the  cylinders  and  bearings. 
»:*■:  - 1.:  :•  ....-  r  prvssun*  to  insure  that  the  fireman  is  keeping 
i  r«  •:  >--i3-  supply.  Note  the  condenser  pressure  as  an 
.m:  .-i-.j.  i  ;:"  :i-.  condenser  action.  In  short,  check  up  every 
_> *:__;.-  .:^r-.-vi  factor  and  detail  which  may  influence  the 
:■>:."■*::■  z  .:  :r.-?  plant.  An  engineer  should  not  leave  the 
-lsz.-  Llt\zc  h:~  shift  unless  it  is  in  charge  of  a  competent 
±^:>:j.:.:  io.'o. \;>v  trouble  may  occur  at  any  instant  when 
rt;-*--T-r:L*r.:  machinery  is  running. 

397.  In  Cleaning  Engines,  do  not  use  any  emery  or  abrasive 
material  which  may  get  into  the  bearings  and  cause  trouble. 
Various  polishing  powders  which  are  free  from  grit  are  on  the 
market  and  are  preferred  for  this  purpose.  An  engine  should 
l>o  cleaned  immediately  after  it  has  been  stopped — this  is  the 
l>ost  time.  Water  will  spot  the  polished  parts  of  engines  if 
it  is  allowed  to  stand  on  them.  The  polished  parts  should 
be  left  covered  with  a  thin  film  of  oil.  The  oil  will  in  a  damp 
atmosphere  prevent  corrosion  of  the  metal. 

398.  Laying  Up  An  Engine  consists  in  preparing  it  so  that 
it  will  not  suffer  any  ill  effects  from  lying  idle  for  a  year  or 
more  if  undisturbed.  If  the  piston  and  valve  rods  are  steel 
and  soft  packing  is  used,  either  the  rod  or  the  packing  must  lie 
removed.  If  not  removed  the  water  with  which  the  packing 
is  saturated  will  corrode  the  rod.  If  the  engine  was  supplied 
with  plenty  of  oil  at  the  end  of  its  last  run  and  was  well 
drained  while  hot.  the  cylinder  interior  will  thereby  be  ordi- 
narily surticicv.il>  protected.  It  will  not  be  necessary  to 
ivmoxe  the  head.  I*.  >  :'-  *i:V  plan  to  remove  slide  valves  and 
coat  the:-.;  a-.d  :'v  v  ^".r>  "".:::  srvaso.     The  polished  metal 

m  « i  •  ■  ^  «* '  *  '  :    :     v       <v     .  ■  .   . . « .   »*  .   . .  *. .  v  .im.  . 

\  •   ,         .    v\  "  \     x      -  '       :     ■  *  >"  *;  h  0\:t  A  Few  Dats  but  is 

*  .  ■     x.  ■  ■■  •'  "*.»-"  a-  hour  each  day  during 

x      ...,....-  .    •■    >    .  »::  wr-Jk aIL*  ac«i  on  the  piston 

$n^    y^-.;***   5sVu.o    *•'..    v^-iv^ir-y    Need  Overhauling 

V/.v    *V.v.»    ?"*•*»    *****    v  ***"  "■■■■■•■'  aro  *n  °°r 

.      .  x  .  •  •■!>■  r-:::  for  sev 

*     *  •% 
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400.  Piston  Rings  Must  Sometimes  Be  Replaced. — If  exces- 
sive leakage  past  the  piston  is  detected  (see  following  note) 
it  is  probably  due  to  worn,  broken  or  poorly  fitted  rings. 
Loose  or  broken  rings  may  sometimes  be  detected  by  the 
rattling  sound  when  the  engine  is  running.  Broken  rings 
should  be  replaced  as  soon  as  detected  to  avoid  scoring  of 
the  cylinder  walls  by  the  broken  ends.  Methods  of  replacing 
them  will  be  described  in  the  following  sections. 

Note. — To  Test  For  Valve  Leakage  Op  Single-Valve  Engines 
(Power,  March  1,  1921)  proceed  as  follows:  A  general  test  of  tightness  can 
be  made  by  turning  the  engine  over  to  such  a  position  that  the  valve 
covers  the  ports  of  both  ends  of  the  cylinder  at  the  same  time.  Then, 
upon  admitting  steam  at  the  throttle  valve,  leakage  will  be  shown  by 
discharge  of  steam  from  open  cylinder  pet  cocks  or  indicator  connections, 
or  by  escape  of  steam  from  the  exhaust  pipe. 

The  leakage  under  running  conditions  can  be  approximately  determined 
by  blocking  the  flywheel  and  making  tests  at  different  points  of  stroke  of 
the  piston. 

To  test  valve  leakage  of  a  throttling,  D-slide-valve  engine  at  a  given  point 
of  piston  stroke  from  the  crank  end  of  the  cylinder ,  remove  the  cylinder  head 
and  with  the  piston  in  the  crank  end  of  the  cylinder,  turn  the  flywheel  in 
the  running  direction,  and  block  the  wheel  when  the  piston  has  arrived 
at  the  desired  point;  then  gradually  admit  steam  through  the  throttle  and 
observe  whether  there  is  escape  of  steam  from  the  steam  passage  of  the 
head  end  into  the  cylinder  or  out  of  the  exhaust  pipe. 

Piston  leakage  must  be  corrected  before  it  is  attempted  to  inspect  leakage 
of  the  valve  when  it  is  in  position  for  admission  of  steam  for  a  piston  stroke 
from  the  head  end  of  the  cylinder,  because  the  crank  end  of  the  cylinder 
cannot  be  uncovered  to  distinguish  piston  leakage  from  valve  leakage. 
When  the  piston  packing  has  been  made  tight  and  cylinder  head  replaced, 
turn  the  flywheel  in  the  running  direction  until  the  piston  has  arrived  at 
the  desired  point  of  stroke  from  the  head  end  of  the  cylinder.  Then  with 
the  wheel  blocked,  open  the  throttle  a  little,  and  steam  escaping  from  the 
exhaust  pipe,  or  the  cylinder  pet  cock  or  indicator  connection  of  the 
crank  end,  will  indicate  the  valve  leakage. 

With  a  single-valve  automatic  engine,  proceed  the  same  as  for  testing 
valve  leakage  of  a  throttling  engine,  but  with  the  governor  blocked  in  its 
average  running  position,  and  in  positions  giving  other  points  of  cut-off  at 
which  it  is  desired  to  test  valve  leakage. 

401.  To  Replace  A  Cast-Iron  Snap  Piston  Ring,  proceed  as 
follows:  The  piston,  of  course,  must  be  removed  from  the 
cylinder  and,  if  small,  may  be  held  in  a  vise  (Fig.  442).  The 
old  ring  is  first  pried  out  as  shown  in  Fig.  443  by  means  of  a 
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file  ami  a  strip  of  sheet  iron  or  piece  of  hack-saw  blade,  B. 
The  prying  may  l>c  continued  and  other  stripe,  B,  inserted 
until  the  ring  may  be  slipped  off.  The  groove  is  now 
examined  and  if  it  appears  to  be  worn  out  of  shape  as  is  groove 


,1  (V\£.  Ill)  it  should  lie  trued  up  on  a  lathe  so  that  its  sides 
are  Hut  as  are  those  of  groove  B. 

402.  A  Piston  Ring  Must  Be  Fitted  To  The  Piston  Grooves 
as  shown  in  Fig.  -I  I'i.     If  a  complete  snap  ring  is  on  hand,  it 


*  sfcx;ir.£  ti-.n. 
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Since,  in  time,  the  piston  grooves  wear  wider,  rings  which  are 
kept  for  replacement  should  be  a  few  thousandths  of  an 
inch  wider  than  the  grooves  and  should  be  ground  or  machined 
to  fit.     If  machine  tools  are  available,  they  should  be  used. 

Finiw/np  /*>// »  Be  Drtttn  Behr  fc$t  Of  **?, 


A  few   thousandths  of  an  inch  of  metal  may,  however,  be 
removed  with  a  file. 

Explanation. — The  ring  may  be  nailed  to  a  board  for  tiling  as  shown 
in  Fig.  447.  If  there  is  more  than  about  0.010  in.  of  metal  to  be  removed, 
it  usually  pays  to  start  filing  with  a  flat  bastard  file  (Fig.  448)  and  finish 


MMw  gMtejj 


nth  a.  fine  single  cut  file.    The  calipers  (Fig.  449)  are,  for  convenience, 
Wt  at  about  1/100  in.  over  the  correct  size  for  the  rough  filing.     When 
the  ring  is  nearly  down  to  size,  it  should  be  finished  by  testing  with  a 
•orfaoe  plate  (Fig.  450).    Only  one  side  of  the  ring  should  be  filed.     T" 
Mlwr  ride,  being  true,  should  be  left  undisturbed  as  a  reference  pli 
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from  which  to  measure.  The  surface  plate  is  coated  with  a  thin  film  of 
rt-il  lead  mid  oil  and  the  ring  is  wiped  clean  and  nibbed  on  the  plats 
(Prussian  blue  in  preferable  to  red  lead  but  is  more  expensive.)  Whrn 
tin-  nil  \r.:\d  rubs  on  the  ring,  the  ring  is  high  and  should  be  further 
reduced  with  a  file  or  semper  {Fig.  451).  This  procedure,  if  continued 
until  the  ring  bears  evenly  on  the 
plate,  will  insure  a  true  surface  on  the 
ring. 

Note. — Small  Piston-  Rinos  Mat 
Hk  (litoiiNi)  To  Size  by  rubbing  on 
a  piece  of  emery  cloth  tacked  to  a 
flat  board  or  glued  to  n  lint  plate 
(Fig.  4.r>2).  For  the  most  accurate 
work,  u  lapping  plate  (Fig.  453)  is 
used.  The  grooves  in  the  plate  are 
fill.il  with   ii  Inppiug  compound  of 


1^2 


emery  ami  oil.  The  ring  is  rubbed  over  the  plate  and  the  compound 
which  runs  from  the  groove*,  gets  between  the  ring  and  the  plate  snd 
hid*  the  ring  to  size. 


403.  Solid  Piston  Rings  Must  »-  "■ 
Into  Place.   -Comntun  map  rii 
*.>  tlrtl  ihov  :iiv  tliiniiiT  at  on' 
iiro  .-nt  liv'  m»:in«  nf  a  had 
>h,.wii  in  Fip.  4.M.     Thcb 
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is  the  difference  between  the  circumference  of  the  ring  and  that 
of  the  cylinder.  If  the  ring  is  not  to  be  fitted  as  explained 
below,  the  ends  should  be  filed  down  so  that  they  will  be  about 
y$2  in.  apart  when  the  ring  is  in  place  in  the  cylinder.  The 
solid  rings  are  usually  made  about  2  per 
cent,  larger  in  diameter  than  the  cylinder. 


length  OfSeymentbBr  SonmfOuf 


Note. — A  Finished  Ring  May  Be  Tested 
For  Fit  in  the  cylinder  before  it  is  sprung  onto 
the  piston.  A  coating  of  red  lead  on  the  cylinder 
walls  will,  when  the  ring  is  rubbed  on  it,  show 
what  portions  of  the  ring  bear  on  the  wall. 
These  portions  should  be  slightly  reduced  by 


Scribed  Lines  ■ 
Segment  Of  fting-' 


Fio.    454. — Method    of 
j  jsv  rni_-  x-  n  xu  j    x      laying  off  joint  of  caat-iron 

draw-filing.    This  operation  will  cause  the  ends  to  snap  packjng  ringm 
spring  apart  so  that  they  will  have  sufficient  play. 

404.  Worn  One-Piece  Piston  Rings  May  Be  Expanded  To 
Snug  Contact  With  The  Cylinder  Wall  By  Peening.—  This  is 
done  by  holding  the  ring  on  an  anvil  or  heavy  face-plate 
(Fig.  455)  and  striking  its  inner  surface  repeatedly  with  the 
peen  of  a  ball-peen  hammer.  The  ring  should  make  solid 
contact  with  the  surface  on  which  it  rests,  and  each  blow  of 

the  hammer  should  be  directly  above  the 
point  of  contact.  The  blows  should  be 
comparatively  light  and  of  equal  intensity. 
The  peening  operation  should  begin  at 
one  end  of  the  ring  (Fig.  455)  and  should 
progress  around  the  inner  face  to  the  other 
end.  The  hammer  blows  should  not  ap- 
proach either  edge  of  the  ring  nearer  than 
about  y%  in. 

405.  The  Repair  Of  Steam-Engine  Valves 
is  necessary  whenever  the  valves  arc  so 
badly  worn  that  steam  leakage  past  them 
is  excessive.    The  repair  always  consists 

Fio.  455.— Peening  a  cast    of:    (1)    TruifiQ  Up    the    Surface    along   which 
iron  .nap  packing  ring.     ^     ^^     ^        (2)      Making     fa    proper 

adjustment  so  that  the  surfaces  are  kept  together  as  they  should  be. 
These  repairs  are  explained  below  for  the  various  valves. 


Explanation. — Repairing  Plain  D-Slide  Valves  involves  a  resur- 
facing of  the  valve  and  its  seat.     Usually  the  valve  can  be  finished  in  a 
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simper  or  miller,  but,  if  machine  tools  are  not  available,  it  may  be  scraped 
to  a  true  surface.  A  surface  plate  (Fig.  450)  is  coated  lightly  with  a  red- 
Icad-and-oil  mixture  and  the  valve  rubbed  lightly  on  it.  The  high  spots 
of  tiic  valve  face,  which  arc  now  marked  with  red  lead,  may  be  scraped 
off  with  a  scraping  tool  (sec  Figs.  451  and  467).  (If  deep  grooves  appear 
in  the  valve  face,  the  high  spots  may  first  be  filed  off.)  Each  time  the 
high  spots  are  removed  the  valve  should  again  be  tried  on  the  surface 
plate,  continuing  these  processes  alternately  until  the  entire  face  of  the 
valve  is  marked  when  applied  to  the  surface  plate.  The  valve  may, 
after  its  face  is  true,  be  cleaned  and  itself  coated  with  red  lead.  It 
should  then  be  applied  to  the  valve  seat  so  as  to  mark  the  high  spots  on 
the  seat.  These  may  then  be  scraped  off  until  a  true  fit  is  established 
between  the  valve  and  its  seat.  Oil  grooves  may  be  cut  into  the  valve 
seat  if  desired,  but  they  must  not  extend  quite  to  the  working  edges  of  the 
seat  lest  they  should  provide  passages  for  steam  to  blow  through.  Plain 
D-slide  valves  require  no  adjustment  to  keep  the  surfaces  together. 
The  steam  pressure  outside  the  valve  insures  good  contact. 

In  IIkpaiuin'c  Balanced  Slide  Valves,  the  cover  plate  and  the  valve 
surface  which  rubs  against  it  must  also  be  fitted  as  is  the  valve  against  its 
seat.  If  machine  tools  are  available,  the  surfaces  mav  be  readilv 
machined.  Otherwise,  all  surfaces  must  be  scraped  (or  filed)  to  fit  as 
directed  above.  The  cover  plate  must  then  be  so  adjusted  that  it  bears 
lightly  against  the  valve.  In  some  engines,  screws  are  provided  for 
this  adjustment.  In  others,  the  cover  plate  is  held  from  the  valve  seat 
by  distance  pieces  which,  to  provide  adjustment,  must  be  filed  down, 
liivat  care  inu<t  bo  exercised  in  such  engines  that  too  much  metal  is  not 
remo\  ed  as  this  would  necessitate  using  shims  under  the  distance  pieces. 
To  test  the  cover-plate  adjustment  place  a  piece  of  thin  (tissue)  paper 
between  ii  and  \alve  If.  r.ow.  the  valve  can  be  moved  bv  hand  while 
pressure  :s  apphed  :o  The  cover  plate  by  having  an  assistant  press  against 
\:  t:.r::-.'\  \\i:h  Voth  hav.-:*'  "he  e^ver  plate  is  too  far  from  the  valve. 
\.-;.>:  '::*:■'.  «::h  :;v  :v;r\  r  :v.  p'a.o.  The  valve  cannot  easily  be  moved. 
Pcv.  m('  *■'..'    w ■.::■.  :'■■-.•  :» .:*-,. r  rv::;ovod.  "ho  valve  slides  freely. 

Pv  K»  vv  v.  O*  r.<:  s  V  \:\y<  -.:>;:. slly  necessitates  the  replacement 
*■'"  'v  \  ..'.x ;  .-7  -  s. .  *.  .."*:.  .eh  <•.  :v.e  p:*:on  valves  are  capable  of 
>■■■:■•  S--  ■..  —  :-  vi  ■  ■■:.  \% :-.  r  is  r.  ;•:  excessive,  leaks  maybe 
-  ■■■.'  :.  \  -  ■■■■.  '■•  -  - :-  ■  ■  ,;  :" S ■  •  ■  c<  ::•.  :ho  v^.Ive  fvc.  -HXV.  If  this  will 
-■■*."  -  .  ■'■  ■  •  '  ■  .  >  - .'.-  .>■  .:"•;.  I:  i:  is.  adjust  it  so  that  the 
■»  ■    *     -  *        .       ■      '..*■>.;•:>  r.::   adjustable,  determine 

■      ■*■■■■■■■.■■        J     A~  **.  At  *a!r*.      3- On 

:  ;  %  ilve  or  seat  is  made  of  brass, 
->is*  mi*.     Tfce  brass  part  can  then 

piece?  should  be 

the  seat  must  be 

-    .v  «!■*_    In  event  of  any 

"d  mtroducin* 

**1  |  ipoa  each 
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I,  when  clean,  they  slide  freely.     The  emery  powder  must  then 
y  carefully  cleaned  out  bo  that  it  cannot  bo  carried  into  the  cylinder. 

The  He  pa  in  Op  Corliss  Valves  is  most  effectively  accomplished  hy 
irinn  out  the  valve  seats  and  procuring  from  the  manufacturer  new 
ilve«  of  the  proper  size  to  fit  the  newly  formed  seat.  For  reboring  the 
»t,  a  jig,  somewhat  similar  to  that  shown  in  Fiji.  164,  may  be  employed. 
Engine  manufacturers  usually  have  such  jigs.)  The  new  valve  may 
len  be  "ground  in"  as  explained  above  for  piston  valves.     If  reboring 

not  deemed  necessary  or  advisable,  the  valves  may  simply  be  fitted 
y  marking  with  red  lead  and  scraping  or  filing  until  a  tight  fit.  is  obtained. 

The  Repair  Of  Poppet  Valves  should  scarcely  ever  be  necessary 
ecause  these  valves  are  not  subjected  to  rubbing  action.  However, 
nould  refitting  be  necessary,  the  valve  springs  and  cages  may  be  removed 
nd  the  seats  coated  lightly  with  a  mixture  of  line  emery  and  oil.  The 
alvc  may  then  be  placed  upon  the  seat  and  rotated  back  and  forth 
hrough  a  small  angle  for  two  or  three  minutes.  The  valve  should  then 
*  removed,  the  valve  and  scat  cleaned  off,  and  inspected  to  see  if  a  clear 
iright  ring  is  obtained  completely  around  each  seat.  If  the  surfaces 
,re  not  satisfactory,  the  grinding  process  should  be  repeated  until  they 
ire.  It  is  preferable,  in  grinding 
rappet  valves,  to  grind  the  valves 
mmediately  upon  shutting  down  the 
ine  and  before  tile  valves  or  seat 
chance  to  cool  off. 


.  Re-Babbitting  May  Be 
Necessary  Where  Bearings 
Save  Been  Partially  Melted 
3ut  (Fig.  456),  due  to  beating 
if  the  hearings  while  the  engine 
vaa  in  operation.  Also  the 
lormal  running  wear  in  the 
•curings  may  necessitate  their  • 
rentuaUy  being  re-babbitted. 
\  bearing  should  preferably 
■  ■  removed  from  the  engine  for  re-babbiting.  The  general 
mwedure  is  to  pour  melted  babbitt  metal  into  the  shells  of 
ha  bearing,  one  at  h  time,  using  a  mandrel  to  form  the  inner 
ol  the  buhliilt.  Tin'  mandrel  if  smaller  than  the 
that  the  surface  of  the  metal  may  be  accurately 
lo  fit  the  shaft.     Pouring  the  metal  around  the  ft 

munended.     When  it  is  done,  thick  shims  shot 
Mtwccn  the  halves  of  the  bearing  so  that  the! 
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of  the  babbitt  may  be  scraped  and  the  play  may,  when  the 
Injuring  is  assembled  for  service,  be  taken  up  by  using  a  thinner 
whim. 

407.  To  Dismantle  A  Quartered  Main  Bearing  (Fig.  457) 
for  re-babbitting,  the  cap,  M,  and  top  shell,  S,  are  first  removed 
and  the  quarter  boxes,  Q,  are  drawn  out.  Shop  marks,  A  an  JB, 
which  indicate  the  proper  position  of  the  bottom  shell, 
will  generally  l>e  found  on  the  end  of  the  shell  and  on  the 
bearing  pedestal.  These  marks  should  coincide.  Before 
the  bottom  shell  ran  l>e  removed,  it  will  generally  be  necessary 


r.-  sli|«  tin*  ivtvittru-  and  (visibly  the  flywheel  along  the  shaft- 
The  mil-  ■•:*  id.*  outkwrd  bearing  may  then  be  slacked  off 
and  the  >!mf:  raU.  d  from  the  bottom  shell  with  jacks  J  (Fig. 
I:*.**  .  iv.L.d  •.:::.•  -r  :::.*  orask  and  outer  end  of  the  shaft. 
l*!;:s  \\ -.'.'.  :\  •::;*.:  :':*.;■  ':■.■: :.-.:*  shell  to  be  drawn  out. 

406.  To  Re-Babbin  The  Boies  Of  A  Quartered  Main 
Bearing.  ..::.:  :'.:  :*.  v*  :*..-.vc  Ivor,  taken  from  the  pillow 
:■!,'.*»  :'::.•  .*.:  :.**;:"  —  .:..'.  s':. ".:'..:  ::-*:  iv  chipped  and  pried 
:'•.".*,  :  :v\  -  *■«:•-.  . ,.;v  .;:•  •  r.:.:  ch;w;*.  Each  box  may 
:'..••  :.••■'■  .'..•::•>  \  :  :  \::V-:~:v.£  Tits.  436  and  4591 
:•  ,.  *•    *  '„•.*;.     .    ■     *  r  ..«..::  *ie  in.  smaller  than 

:'.>'.*  \   *     ■.-'   o:  ii»»     —  steel  pipe  screwed 

*.      V;     .■.*'     v.dfi  «  lathe  makes  an 

blocks, 
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idjusted  as  shown.  Where  the  boxes  cannot  be  removed 
rom  the  engine  they  may  be  re-babbittcd  as  shown  in  Figs. 
SI  and  462. 


Note. — Main  Bearing  Boxes  Should  Be  Babbitted  While  Warm. 
'his  will  prevent  sputtering  and  blowing  of  the  metal  when  poured  and 
■ill  facilitate  the  running  of  the  metal  to  all  parts  of  the  box.     Good 


f"T"'w* 

^    £Si 
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r 3   ; 
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1 :  -      i 

Flo.  461. — Tamping  of  journal  with 
ithdrmwo  and.  after  the  end*  of  t 
«  bcBrinc  may  be  poured. 

suits  may  generally  be  assured  if  the  box  ia  warmed  to  ft  temperature 
about  160  deg.  fahr.  before  it  is  clamped  .to  the  mandrel. 
Note. — Th»  Object  Of  PomtiNa  A  Main  Bearing  Box  In  A  Vebti- 
il  Position  (Fig.  456)  is  to  prevent  shrinkage  holes  from  forming  ia  the 
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babbitt.    Shrinkage  holes  will  almost  invariably  result  if  a  1 
is  poured  in  a  horiiontal  position. 


Fio.  402. — Showing  method  of  olotinc,  anting  mnd  renting  babbitt  n 
block  when  re-babbitting  a  non-removable  bottom  *1»U.  A  bearing  ■ 
tunjped  with  moulding  und  or  Bio  day  u  ihown  in  Fig.  461.  The  plus*. 
notch™  in  A  and  B,  which  notchei  later  form  gatea  for  the  babbitt. 


409.  Freshly  Re-Babbitted  Bearings 
Should  Be  Peened  And  Finished  — 
The  metal  should  be  forced  tightly 
into  the  grooves  (Fig.  463)  by  striking 
the  inner  surface  with  a  peening  ham- 
mer as  shown.  The  bearing  should 
then  be  bored  to  size  with  a  jig  (Fig. 


464)  or  on  a  lathe.    Now,  three  «* 
about  J-4  in.  wide  should  be 


«il  grooves  (Fig.  465) 
%.  466)  or  filed  in 
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the  babbitt  to  distribute  the  oil  from  the  oil  holes  over  the 
face  of  the  bearing.  The  edges  of  the  grooves  should  be 
chamfered.    Finally,  the  bearing  should  be  "scraped  in. " 


—In  Scraping  A  Rearing,  Fig.  467,  a  portion  of  the 
shaft  is  coated  with  a  very  thin  layer  of  red  lead  and  oil.  The  bearing  is 
then  placed  against  the  coated  portion  of  the  shaft  and  rotated  a  few 


Sect  ion  Through 


prevent  it  from  runninc  from  (he  end*  of  the  bearing.     Only  (he  leading  edg™  of  the 
btarinc  ■held  are  chamfered. 

degrees  around  the  shaft.     The  "high  spots"  of  the  bearing  (Fig.  467) 
are  thus  coated  with  the  red  lead.     Then  with  a  scraper  these  high  spots 
are  scraped  off.     Care  must  be  exercised  to  insure  that  the  scraping  (ool 
does  not  cut  deep  into  the  babbitt  metal.     The  shaft  should  again  be 
coated! — by  spreading  the  red  lead  to  the  spots  from  which  it  was  reraovr 
— and  the  bearing  again  applied  to  it.     It  will  be  noted  that  now  mo 
high  spots  appear  than  before.     These  arc  agnin  removed  by  scrapin 
After  repeated  scraping  and  marking  it  will  be  found  that 
will  bear  marks  all  over  its  surface  and  that  the  unmarl 
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very  small.  When  no  large  unmarked  surface  appears,  the  bauiif  i* 
ready  to  be  placed  in  position  on  the  engine.  Bearings  which  m 
properly  scraped  will  need  little  "running  in"  and  are  not  likely  to  hat 
or  knock  when  properly  adjusted. 


M'^'-VScrew 


410.  Beatings  Are  Usually  Adjusted  To  Compensate  For 
Wear  By  Means  Of  Wedge  Blocks  And  Shims. — Main  and 
crank-pin  bearings  having  wedge  adjustments  are  shown  in 
Figs.  457  and  4t>8.  In  the  main  bearing  (Fig.  457)  the  two 
side  boxes  are  so  adjusted  by  means  of  wedges,  C,  that  the 
center  of  the  shaft  is  kept  over  the  reference  line,  B.  The 
connecting-rod  crank-pin  bearing 
(Fig.  4(iS}  is  adjusted  by  means  of 
the  cap  screws,  N.  These  move 
the  wedge,  IF,  so  as  to  push  the 
end  brass,  B,  closer  to  the  station- 
ary brass,  D.  Shims  are  some- 
times used  between  the  two  brasses 
at  V.  Then  to  tighten  the  bear- 
ing, a  thin  shim  is  withdrawn 
and  the  wedge  sot  tightly  against 
the  brass.  The  thickness  of  the 
shims  should  be  such  that  a  good  running  fit  is  secured 
between  the  bushing  and  the  crank  pin.  If  no  shims  are 
used,  the  wedge  must  not  be  set  *fLt,[y  against  the  brass  or 


,;  „  v 
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the  crank  pin' will  be  clamped  and  will  not  turn  freely.  If 
there  ia  much  wear,  a  shim,  S,  should  be  inserted  behind  the 
stationary  bushing.  If  this  is  not  done,  the  effective  length 
of  the  rod  will  be  decreased  due  to  the  wear  in  the  stationary 
bushing.  This  will  have  the 
effect  of  increasing  the  clearance 
at  one  end  of  the  cylinder  and 
decreasing  it  at  the  other. 
Finally,  if  after  repeated  ad- 
justments the  two  brasses  come 
together  at  V  and  still  leave  too 
much  play  around  the  crank  pin  _ 
(see  Fig.  469),  then  the  bearing  I — I  At^s"v*>9'  33? 
is  said  to  be  "brass  and  brass."  fio.4qb,— showing  bearing  "brass  nn<i 
The  edges  of  the  brasses  must  bt***  *"th  to°  n"lllb  p,ay' 

then  be  filed  or  planed  off  on  a  shaper  or  planer  so  as  to  per- 
mit further  adjustment.  A  crosshead  is  adjusted  as  explained 
under  Fig.  470.  The  wrist-pin  bearing  is  adjusted  exactly 
as  explained  for  crank-pin  bearings  since  these  two  bearings 
are  usually  similar  in  construction. 


— Illustrating  method  of  adjusting  crosshoad  shoes.  To  ti 
hoe.  S,  (which  mil  faster  than  the  upper  one)  slack  off  i 
i  B.     When  the  adjustment  is  completed,  the  distances.  X  ai 


Note. — Soiflz  Split  Bearings  (Fig.  427)  are  often  adjusted  by 
removing  a  shim  or  substituting  a  thinner  one  and  reclamping  the 
halves  of  the  bearing  tightly  together.  The  upper  half  may  require 
scraping  (Sec.  409)  to  insure  a  good  fit. 
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Carborundum , 
Stone-. 


Handle 


Note. — The  Proper  Amount  Of  Clearance  Between  A  Journal 
And  Its  Bearing  is  about  0.001  in.  for  each  inch  of  diameter  for  very 
accurately  machined  or  ground  parts  such  as  motor  spindles.  For 
ordinary  engine  bearings,  about  0.0015  in.  for  each  inch  of  diameter 
is  allowed.  In  taking  up  engine  bearings  for  wear,  it  is  usually  imprac- 
tical to  measure  the  clearance.  Therefore  the  bearings  are  often  adjusted 
by  removing  shims  until  the  journal  will,  when  the  bolts  are  tightened,  be 
gripped;  and  then  adding  sheets  of  paper  about  as  thick  as  the  clearance 
desired  until  it  will  again  turn.  A  very  slight  knock  is  preferable  to 
excessive  tightness  in  the  bearing.  A  bearing  which  is  too  tight  will 
heat  and  seize. 

411.  The  Principal  Causes  Of  Bearing  Heating  are:  (1) 
Not  enough  oil.  (2)  Bearing  too  tight.  (3)  Improper  oil 
(4)  Grit  in  bearing.  (5)  External  heat.  (6)  Improper  design. 
(7)  Bearing  does  not  fit.     In  old  bearings,  heating  may  be 

due  to  warping  of  the  engine 
frame  or  warping  of  the  brasses, 
but  heating  is  more  common  with 
new  or  newly  fitted  bearings. 
The  remedies  for  the  above 
troubles  follow  naturally  from 
their  causes.  Failure  of  oil  may 
be  due  to  clogged  oil  holes  or 
pipes  or  the  oil  grooves  in  the 
bearing  face  may  be  clogged  or 
worn  off.  Too  thin  an  oil  will 
cause  a  bearing  to  heat;  see 
See.  476.  If  a  source  of  ex- 
ternal heat  cannot  be  removed, 
a  high-temperature  machine  oil 

Fiu.  471.— An  improvised  deviro  for     Or     Cylinder    Oil     niUSt     be    USCd. 
trurn.  up  crank  pins  without  removing      jf     ft    fovfrng    haS    beglin   to  CUt 

due  to  grit  or  a  misfit,  it  should 
lx.»  taken  apart  and  cleaned  and  scraped  (Sec.  409).  If  it  is 
loosened,  flooded  with  oil  and  then  turned  over  slowly  for  a 
time,  it  may  run  smooth  again. 

Notk. — An  Improvised  Dkvick  For  Scraping  And  Truing  Up  A 
Crank  Pin  is  shown  in  Fig.  471.  The  stones  are  set  opposite  the  highest 
spots  on  the  pin  and  the  device  is  rocked  back  and  forth  to  reduce  them, 
plenty  of  oil  being  used.     Tin  liners  ar*  ~ wed  and  the  grinding 


Sir.  412)    RECIPttOC ATI 'NO-ENGINE  MANAGEMENT  403 

,,'il  l  tii'  «tj  nii'K  linidi  evenly  when  [lie  deviee  mav  tie  revtilivil 

■  !.r  pin, 

412.  If  A  Wrist-Pin  Or  Crank-Pin  Bearing  Starts  To  Heat, 

MM-  uil  supply  should  Ijc  increased  and  a  heavier  oil  run  in. 

Then  is  little  else  to  be  done  to  such  bearing  until  the  engine 
Ma  I"'  stopped.  Then  bearings  which  have  heated  should  be 
taken  apart  and  examined  for  the  cause.  If  the  brasses  are 
liadly  warped  or  grooved,  they  should  be  rcfinished  or  replaced, 
nild  be  run  into  the  oil  holes  to  make  sure  they  are 
clear.  The  new  or  newly  finished  brasses  should  be  left  a 
little  loose  at  first  to  avoid  a  repetition  of  the  trouble.  The 
inner  edges  (V,  Fig.  468)  should  be  rounded  or  recessed  to 
prevent  them  from  scraping  the  pin. 

413.  If  A  Main  Bearing  Starts  To  Heat  it  should  iimnedi- 
:itfly  be  loosened  and  flooded  with  oil.  If  the  heating  con- 
t  iauet,  I  mixture  of  cylinder  oil  and  graphite  may  be  worked 
in  in  it  in  any  convenient  way.  A  mixture  of  oil  and  powdered 
talc  or  soapstone  may  also  be  used  but  the  engine  should  be 
flowed  down  if  possible  when  such  mixtures  are  used.  Wain- 
may  be  used  on  the  shaft  to  keep  it  cool  but  if  there  is  any 
Ei-it  in  the  water  it  should  not  be  allowed  to  run  into  the  oil 
passages  or  get  between  the  rubbing  faces.  It  is  not  advisable 
to  apply  water  to  the  outside  of  the  bearing  box  as  this  tuny 
cause  the  bearing  to  seise. 

414.  If  A  Main  Bearing  Becomes  So  Hot  That  It  Burns 
The  Hand  Or  Smokes,  the  engine  must  Ikj  slowed  down 
immediately  or  the  bearings  will  be  melted  out.     Then  with 

>■■  turning  over  slowly,  loosen  the  bearing  slightly  and 
work  cylinder  oil  into  the  bearing.  One  of  the  above  oil 
matures  should  then  be  worked  into  the  bearing.  Water 
.-hoiild  l>e  used  cautiously  on  a.  very  hot  bearing  or  shaft  to 
avoid  cracking  and  warping.  After  the  bearing  has  cooled 
somewhat  and  Is  well  oiled  the  engine  may  be  stopped.  The 
bearing  must  then  !»■  repaired  according  to  tin'  extent  »f  the 
■  !  mi.me     Bcra|xiti,  n-nnished  or  re-babbitted. 

416.  Packings  For  Steam  Engines  should  !*■  careful!) 
■sleeted  and  k<-\>\  on  hand.  For  packing  piston  roils,  soft 
fiber  packing,  flexible  metallic  packing  and  regular  metallic 
0g  .n-e  used.     Soft   packing  should  tie  used  only  w 


Layers  Offtrbrk: 
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low  first  cost  is  essential  or  where  the  rod  is  so  badly  scored 
that  a  metallic  packing  cannot  be  utilized.  Soft  packing  is 
preferably  ordered  in  rings  (Fig.  472)  which  should  fit  neatly 
around  the  rod.  But  it  may  be  ordered  in  coils  and  afterward 
cut  into  rings.  For  stuffing  boxes  over  %  in.  in  width  between 
the  rod  and  the  wall,  the  soft  packing  should  be  ordered  to  fit 
the  box.  Smaller  sizes  may  be  ordered  to  fit  also  but  small 
boxes  are  usually  packed  with  twisted  or  braided  coil  packing 

which  is  fed  into  the  box  so  as 
to  form  a  loose  spiral.  In  gen- 
eral, soft  packings  in  which 
rubber  is  in  direct  contact  with 
the  rod  should  be  avoided.  In 
general,  metallic  packings  are 
more  economical  and  satisfac- 
tory in  the  long  run,  than  are 
soft  packings.  Flexible  metallic 
packing  is  used  just  as  is  soft 
fiber  packing  and  can  be  used 
on  slightly  scored  rods  and  for 
superheated  steam.  It  is  cheaper 
than  regular  metallic  packing 
but  it  will  not  last  as  long  and 
produces  more  friction.  Regular 
metallic  packing  (Fig.  369),  aside  from  its  high  first  cost, 
has  decided  advantages  when  applied  to  new  or  unscored 
rods;  regular  metallic  packings  will  usually  last  as  long  as  the 
engine,  can  be  used  with  highly  superheated  steam,  have 
little  friction  and  do  not  absorb  water.  A  water-saturated 
packing  will  corrode*  the  rod.  In  ordering  regular  metallic 
packing,  a  sketch  giving  the  shape  and  all  interior  dimensions 
of  the  stuffing  box  and  the  rod  diameter  should  be  sent  with 
the*  order.  For  the  water  ends  of  pumps,  flax  or  hemp  packings 
are  usually  used  but  various  metallic  packings  arc  recommended 
by  their  makers  and  are  probably  more  economical  for  this 
service. 

N'otk. — Siiket  Packing  for  valve-chest  covers  and  flanged  joints 
is  usually  about    1.J2  to  }$  in.  thick.     For  temperatures  below  about- 
300  deg.  fahr.,  rubber  composition  sheet  packing  is  widely  used.    Co*^ 
rugutod  copper  gaskets  or  sheet  'Asbestos  packing  may  also  be  uscoy 


■  - ..  .• 
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this  service.  For  higher  temper  at  urea,  copper  or  asbestos  gaskets 
should  lie  used.  A  gasket  of  copper  with  asbestoB  inserts  is  n  >l  I"' 
very  high  temperatures  and  pressures  but  is  too  expensive  and  unnct- 

NriTi;. — Soft  Packing  Must  Ubdai.lv  Be  Replaced  Every  Few 
Months.  To  replace  the  packing,  simply  unscrew  the  gland  nuts, 
slide  the  gland  along  the  rod,  and  pull  out  the  old  rings  with  a  packing 
hook.  The  new  rings  should  fit  neatly,  as  in  Fig.  47$-//,  and  should  be. 
routed  with  graphite  and  oil  before  they  are  inserted.  The  joints  of  the 
different  rings  should  alternate  on  opposite  sides  of  the  rod.  The 
gland  should  be  tightened  only  enough  to  prevent  any  considerable 
lenkage.  With  a  very  good  fit,  the  nuts  need  be  only  hand  tight.  Be 
careful  in  lightening  valve-stem  glands  on  automatic  engines  so  as  not 
to  introduce  much  friction;  otherwise  I  he  governor  action  will  be  hindered. 
It  is  a  good  plan  to  first  apply  a  considerable  pressure  on  the  gland  to 

Stuffing 


force  the  packing  firmly  into  place.  The  gland  nuts  should  then  be 
slacked  off  somewhat.  For  small  rods,  the  procedure  is  the  same  except 
that  ili-  not  necessary  to  have  the  packing  in  rings.  Twisted  01  braided 
coil  packing  may  be  fed  into  the  stuffing-box  so  as  to  lie  neatly  in  spiral 

416.  If  An  Engine  Gets  Out  Of  Line,  Borne  of  the  bearings 
are  likely  to  be  cramped  or  caused  to  knock.  By  getting  out 
of  line  is  meant  shifting  of  some  essential  part  of  the  engine 
so  that  it  is  in  the  wrong  position  with  respect  to  the  rest  of 
it.  For  instance,  one  crank-shaft  bearing  may  bo  higher  than 
the  other  due  to  settling  of  the  outboard  bearing  foundation. 
Settling  of  the  guide  pedestal  (Fig.  171)  has  in  bodm 
iti-iuners.  caused  knock--.  Warping  of  the  frame  or  oilier 
*  or  iin-ornrt  adju""""'^  of  the  main  bearings  may  ; 
v  the  engine  oil* 
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Note. — For  An  Engine  To  Be  In  Line,  the  following  conditioni 
should  obtain:  (1)  The  axial  center  line  of  the  shaft  and  its  bearinp 
should  be  level  and  should  intersect  the  axial  center  line  of  the  cylinder  at 
right  angles.     (2)  The  guides  should  be  parallel  to  each  other  and  to  Ae 
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Fig.  474. — Showing  settling  pedestal  which  caused  the  engine  to  settle  out  of  line  and 

knock. 

axial  center  line  of  the  cylinder.  (3)  The  wrist  pin  and  crank  pin  and 
their  bearings  should  be  parallel  and  parallel  to  the  shaft.  (4)  In  mott 
engines ,  the  stuffing  box  and  jriston  rod  should  be  concentric  with  the  cylinder 
and  the  guides  equidistant  from  the  center  line  of  the  cylinder.     (5)  The 


6enenrtor^^\f:  ^t 
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Yui.    17"»       I'lun  l:i.\-«mt  of  (liri-rt-rnnnt'rtf'd  simple  engine  with  outboard  bearing- 

renter,  K  (Fig.  475),  of  the  erank-pin  journal  should  lie  in  the  vortical 
plane  of  the  cylinder  axis,  for  all  positions  of  the  crank  pin. 

Note.— Tuk   Order   In   Which    Tub   Various  Alignments  Abe 
Made    Or   Checked    is   important.     If  it  is  suspected  that  several 
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alignments  (Pig.  475)  are  "off,"  the  order  in  which  they  should  be 
corrected  is  as  follows  (1)  For  a  horizontal  engine,  level  the  cylinder;  for 
a  vertical  engine  plumb  the  cylinder.  (2)  Stretch  the  center  line  of  the 
cylinder.  (3)  Stretch  the  center  line  of  the  shaft.  (4)  Square  shaft 
center  line  with  cylinder.  (5)  Level  center  line  of  shaft.  (6)  Test  align- 
ment of  guides.  (7)  Test  alignment  of  crosshead  and  wrist  pin.  (8)  Test 
alignment  of  crank  pin.     (9)  Test  alignment  of  connecting  rod  brasses. 


.Cylinder 


..Shaff-Mts  Center-Line  Yfire 

Cylinder-Axis^ 
Center Urn -P 


o    ~t  Bed  Plate- 

Wooden  Board 

Fig.  476. — Center-line  wires  in  position  for  aligning  an  engine. 


Explanation. — The  following  method  of  aligning  an  engine  is  adapted 
for  use  in  erection  and  in  re-assembling  during  overhauling.  Fig.  475 
shows  a  plan  view  of  a  simple  engine  direct  connected  to  a  generator. 
Assume  that  the  main  moving  parts,  namely  the  piston  and  rod,  the 
crosshead  and  connecting  rod,  crank  shaft  and  generator  armature  are 
all  removed.  Bolt  a  board,  A  (Figs.  475  and  476),  across  the  end  of  the 
cylinder  between  two  cylinder-head  studs  and  stretch  a  fine  steel 
("piano")  wire  or  a  strong  small-diameter  "fish  line, "  ABt  between  A  and 
an  improvised  wooden  block  or  batter  board,  B.  The  wire,  which  should 
be  about  \i\  in.  in  diameter,  is  care- 
fully located  in  the  center  of  the  cylin- 
der at  A  by  means  of  a  pair  of  dividers 
or  inside  calipers.  The  location  of 
the  other  end  is  found  by  trial  so  that 
the  wire  passes  through  the  center  of 
the  cylinder  stuffing  box  (Fig.  477)  as 
determined  by  using  a  pair  of  inside 
calipers  around  the  wire.  Then  the 
wire,  CD,  is  stretched  so  that  it  is 
level,  passes  through  the  axis  of 
the  main  bearing,  F,  and  is  at  right 


*r*+  *  •  *p** 


Calipers 


Stuffing 
Box-.. 

4 


■Wire  Represent  tn j 
Cylinder  Axjpl 
Center  Line 


Fio.  477. — Method  of  locating  center- 
line   wire  in   the   center  of  an  engine 
••if  j     stuffing  box.     The  distance,  AB,  should 

angles     to     AB.      A     Spirit-level    and     be  the  same  in  every  direction. 

carpenter's  square  may  be  used  for 

this  operation  or  a  triangular  wooden  templet  may  be  laid  off  for  squaring 
the  wires  for  large  engines.  A  triangle  with  sides  of  8  by  6  by  10  ft. 
will  have  a  square  corner.  If  CD  passes  below  AB,  a  liner  should  be 
inserted  under  the  bearing  to  lift  the  bearing  into  place.     If  the  outboard 
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■  A  board,  GQ  (Fig.  478),  is  bolted  across  the  end  of  the 
WTiroon  two  cylinder-head  studs  so  that  it  extends  beyond  the 
*?rh«  The  center  of  the  cylinder  is  located  on  the  board  at  (' 
*•  of  n  pnir  of  dividers  or  inside  calipers.  The  point  Q  is  located 
V.  f\  A  wire,  QR,  is  stretched  level  as  shown  and  as  nearly 
rltli  the  cylinder  axis  as  it  can  be  aligned  with  the  eye.  Make 
1.  hv  driving  a  pin  or  brad  into  the  end  of  a  stick  of  wood. 
*  line,  My  on  A  so  that  M  falls 


*7— 


\    is  held  to  the  line  as  5wy"T.^R" Error *? 

u  Jl.     Also  make  a  gage,  B,  Crank.^    ^A        \          •*"■ 

•    pi  it   or  brad  in  each  end.  [  ■    -:         ;    ~    '■          I 

shorter  than  A  by  a  distance  - 1  A.Cnmk  p/n   • 

s  equal  to  the  radius  of  the  ^-^r! .-Un*quai  \&s*nces- .. 

t)d.     With  the  engine  on  ap-  ■  Y  Une  £„,}&& A„-s..*        *v — ■ 

tc     crank-end    dead    center,  _        .„_     ,..     .      . 

,                     .                           :  Fio.    A  <9. — ShowuiK    now    mcorrrrt 

IgC   B  between  the  piston  rod  8haft   aiiKnniCnt   may   bo    riotu-tcil   at 

t    wire    line   near   the   Stuffing  dead  ci'ntors  by  nicuMiring  from  a  lino 

Shown    in     ///.       Move    the  wnirh  >»  paralU-1  to  tho  eylimli-r  centwr 

of   the  line,  L,  horizontally    line* 
B  will  just  touch  the  rod  and  line  as  shown.     The  wire  line  should 
parallel  to  the  cylinder  axis. 

&age,  B,  is  then  applied  to  the  rod  near  the  crosshead.  If  the 
ire  in  line,  the  distance  will  be  the  same  as  at  the  stuffing-box. 
ily  the  proper  location  for  the  line  may  be  located  by  measuring 
e  rod  only  near  the  crosshead  because  the  guides  are  seldom  out 
but  it  is  well  to  check  this  condition  by  a  measurement  near  the 
■box.  The  gage,  A,  is  now  applied  to  the  connecting  rod,  measur- 
scribed  line,  H ,  above  the  center  of  the  crank-pin  bearing.  Mark 
tion  of  H  on  the  gage,  turn  over  to  head-end  dead  center  and 
te  position  of  H  again  in  the  same  way.  If  //  falls  first  on  one 
M  and  then  on  the  other,  or  is  at  a  different  distance  from  M 
wo  dead-center  positions,  the  outboard  bearing  should  be  shifted 
\  the  shaft  into  line.  How  the  difference  in  distance  from  the 
iws  an  incorrect  shaft  alignment  may  be  understood  from  Fig. 
}  there  is  a  considerable  constant  difference  between  If  and  .1/, 
ik  pin  is  out  of  line  due  to  the  shaft  slipping  longitudinally. 

The  Normal  Wear  Of  The  Main  Bearing  May  Cause 
baft  To  Get  Out  Of  Line. — As  the  bearing  wears,  the 
inks  continually  lower  at  the  crank  end.     The  amount 
wear  may  be  measured  by  means  of  a  tram  or  trammel 
"  (Fig.  480).     A  center-punch  mark  is  made  on  the  ba 
f  the  engine  or  the  bottom  of  the  crank  pin  and  the  loi 
the  gage  inserted  therein.     The  gage  should  I — * 
h  that  the  short  end  will  fall  in  the  center  o 
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when  the  shaft  position  is  correct.  The  amount  of  movement 
from  this  position  may  then  be  readily  detected.  When  the 
shaft  gets  considerably  lower  than  its  correct  position,  it  may 
be  restored  by  jacking  up  and  inserting  a  liner  under  the 
lower  shell  of  the  bearing. 


Shaft 
Center 


*BtttCf  'tenter- 

Engine  Punch  Mark 


'fXffr 


Fiu.  480.  -Showing  a  method  of  gaging  the  wear  of  a  main  bearing. 

419.  A  Table  Describing  The  Principal  Causes  Of  EngU*e 
Knocks  And  Their  Remedies  is  given  on  the  opposite  page. 


Caution. — Do   Not  Tighten   Any   Bearing  To  Stop   AKno<2* 
Unless  It  Is  Known  That  The  Particular  Bearing  Is  Loose  ai»d 
is  causing  the  knock.     If  a  bearing  which  is  already  in  good  conditio11 
is  tightened  to  stop  a  knock  which  is  caused  by  something  else,  the  bearing 
will  be  likely  to  heat  and  will  have  to  be  carefully  readjusted.     If  a  certain 
bearing  is  thought  to  be  the  cause  of  the  knock  but  there  is  some  uncer- 
tainty, tightening  the  bearing  may  be  tried  but  the  original  position  of 
the  bolts  should  be  carefully  noted;  and,  if  the  tightening  does  not 
diminish  the  knock,  the  original  condition  should  be  restored. 

Note. — The  Apparent  Location  Of  A  Knock  Is  Often  Deceptive 
due  to  the  fact  that  the  sound  travels  along  the  engine  frame.  It 
requires  experience  to  locate  a  knock  with  any  certainty.  Nearly  all 
knocks  occur  at  the  ends  of  the  stroke,  bearing  knocks  occurring  just  as 
the  direction  is  reversed  at  each  end.  Cylinder  knocks  due  to  water 
or  deposits  in  the  cylinder  are  more  likely  to  occur  at  one  end  only.  A 
violent  knock  just  after  an  adjustment  may  be  due  to  interference  such 
as  the  piston  striking  the  cylinder  head  after  a  careless  connecting-rod 
bearing  adjustment. 

Note. — By  Far  The  Commonest  Causes  Of  Knocks  Are  Water 
In  The  Cylinder  And  Loose  Bearings.  Remedies  for  these  should 
therefore  be  tried  first  unless  the  cause  is  known  to  be  some  other.  If 
the  knock  persists  after  this,  the  other  remedies  should  be  tried  in  order 
of  their  probability  somewhat  as  given  in  tl>^      *  *"» 
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420.  The  Location  Of  A  Knock  Can  Often  Be  Ascertained 
By  Means  Of  a  Sounding  Rod. — -Any  light  metal  rod  which  a 
about  2  or  3  ft.  long  and  which  has  one  reasonably  smooth 
end  may  be  used  as  a  sounding  rod.  One  end  is  placed  against 
the  stationary  part  of  the  engine  where  the  knock  is  suspec- 
ted. The  smooth  end  is  placed  against  the  side  of  the  opera- 
tor's face  near  his  car.  Try  several  locations  in  this  way. 
Where  the  sound  is  greatest,  the  knock  is  probably  located. 
A  wooden  rod  may  be  used  but  is  not  quite  as  good. 

421.  When  An  Engine  Runs  "Under"  (Sec.  32),  knocks 
arc  likely  to  occur  in  the  guides.  It  may  be  noted  (see 
Fig.  20)  that  when  an  engine  runs  "under,"  the  thrust  on  the 
connecting  rod  tends  to  lift  the  crosshead  except  at  dead 
centers.     Therefore  the  crosshead  will  ride  against  the  upper 

guide  during  the  stroke  and 
against  the  lower  one  at  dead 
centers.  If  there  is  any  play  be- 
tween the  crosshead  and  the 
guides,  the  crosshead  will  strike 
the  upper  guide  and  fall  to  the 
lower  guide  at  the  end  of  each 
stroke,  thus  causing  a  knock. 
When  the  engine  runs  "over" 
the  crosshead  always  rides  on  the 
lower  guide.  Engines  are  more 
often  run  "over"  for  this  reason. 
422.  Troubles  Of  Dash-Pots 
For  Corliss  Releasing  Gears 
are,  principally,  as  follows:  In 
" ',■•'.",'  m"f!,""il'n"i""1,«ivr  T-!r11""  ^om<!  designs  the  vacuum  created 
by  the  lifting  of  the  plunger,  I 
(Fig.  481),  is  relied  on  to  return  the  pot  to  its  closed  position. 
The  vacuum  cylinder  may  be  packed  with  cup  washers  or 
packing  rings,  P,  which  must  be  in  good  condition  to  maintain 
the  necessary  vacuum.  Failure  of  the  vacuum  will  prevent 
the  admission  valves  from  closing  rapidly.  A  spring  may  be 
used  temporarily  when  this  occurs.  If  the  valve,  V,  through 
which  the  air  is  released  from  the  cushion  space  is  open  too 
wide,  the  dash-pot  will  slam.     I'  open  wide  enough, 

the  dash-pot  is  like\y  to  bounce  <i  to  test  in  time 
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for  the  next  stroke.    Also  it  may  not  allow  the  valves  to  shut 
off  completely. 

423.  The  Following  Information  Concerning  Each  Engine 
Should  Be  Ascertained  and  kept  for  ready  reference  so  that 
repair  parts  may  be  ordered  promptly.  A  copy  of  this  form, 
properly  filled  in,  should  be  framed  under  glass  and  mounted 
near  each  engine. 

Data  Form — Engine 

Date  when  made  up 

Engine  No Maker 

Type Age 

Kind  of  engine 

No.  of  cylinders Diam Length 

Thickness Cylinder  head  thickness 

Cylinder  head  bolts,  No Size 

How  is  cylinder  supported 

Piston,  type Area 

Thickness Construction 

Rings,  No Width Diam 

Piston  rod  diam Length Taper 

Thread  on  end  of  rod  at  piston Crosshead 

Follower  bolts,  No Size 

Crosshead  type 

Length Height Width 

Wrist  pin,  diam Length 

Shoes,  length Thickness Material 

Method  of  attaching  wrist  pin 

Connecting  rod,  type 

Length Diam.  min Max 

Box  adjustment 

Wedge  bolts,  No Size 

Crank,  type Throw 

Crank  pin  diam Length 

Eccentric  rod  diam Length 

Eccentric  throw 

Rocker  arms,  type 

Length Travel Pin  sizes 

Bearings,  type Length 

Material  in  boxes 

Adjustment 

Governor  type R.p.m 

How  driven 

What  does  governor  act  upon 

Engine  r.p.m Steam  pressure 

Foundation  material Floor  area 

What  does  engine  drive 
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424.  Careful  Records  Should  Be  Kept  of  engine  performance 
and  other  events  in  the  engine  room.  These  records  will 
enable  the  plant  manager  to  determine  the  effect  of  changes 
which  he  may  make  in  the  methods  of  operation  and  will 
show  in  what  ways  improvements  in  management  may  be 
made.  The  form  shown  in  Fig.  482  may  be  found  useful  in 
keeping  such  records. 

QUESTIONS  ON  DIVISION  IS 

I.  Name  three  precautions  to  be  taken  in  replacing  a  cylinder  head.  How  may  piston 
leakage  be  judged? 

t.  Name  three  conditions  which  should  obtain  in  a  valve  chest  before  the  cover  is 
replaced. 

ft.  What,  in  general,  should  be  done  by  an  engineer  in  taking  charge  of  an  engine  room 
with  which  he  is  not  familiar? 

4.  Name  some  points  which  should  be  noted  in  inspecting  condensers? 

ft.  Give  two  suggestions  to  aid  in  remembering  power  plant  piping  connections. 

ft.  What  conditions  of  steam  and  water  piping  arising  from  neglect  should  be 
corrected? 

T.  How  may  traps  and  water  gages  be  inspected? 

ft.  Name  a  few  supplies  which  should  be  kept  on  hand  in  an  engine  room. 

t.  Make  a  sketch  of  piping  used  in  warming  up  a  simple  engine  and  explain  its  use. 

lft.  When  should  gravity-feed  bearing  lubricators  be  started?     Cylinder  lubricators? 

II.  Should  the  condenser  be  started  before  or  after  starting  a  condensing  engine? 
Why? 

lft.  After  starting  an  engine  when  may  its  drain  valves  be  closed? 

lft.  How  is  steam  worked  into  both  ends  of  a  slide-valve  engine  which  is  not  provided 
with  by-pass  piping?     How  into  the  low-pressure  cylinder  of  a  compound  engine? 

14.  In  stopping  the  condensing  engine,  when  should  the  wet-air  pump  of  a  low- level 
jet  condenser  be  stopped? 

lft.  What  is  the  chief  source  of  trouble  in  condenser  operation?  How  may  it  be 
located? 

lft.  Explain  how  to  change  from  non-condensing  to  condensing  operation. 

IT.  What  may  cause  a  condenser  to  fail  and  the  engine  to  exhaust  through  the  relief 
valve? 

18.  What  is  the  purpose  of  a  governor  starting  cam  on  a  detaching  Corliss  engine? 
A  starting  lever?     A  reach-rod  latch? 

lft.  How  can  a  detaching  Corliss  engine  be  started  when  the  governor  is  in  "safety 
position"? 

80.  What  difference  is  there  in  the  starting  of  a  cross-  and  a  tandem-compound  engine? 

ftl.  What  is  the  danger  in  using  emery  powder  in  cleaning  the  polished  surfaces  on  an 
engine?     What  is  the  preferable  method  of  cleaning  polished  work? 

lft.  How  may  a  solid  snap  piston  ring  be  removed?  How  may  the  fit  of  a  worn  snap 
ring  be  restored? 

ftS.  Explain  a  method  of  truing  up  a  filed  piston  ring  by  using  a  surface  plate.  Explain 
how  the  fit  of  a  ring  in  a  cylinder  may  be  tested. 

84.  May  a  good  bearing  be  ordinarily  made  by  pouring  babbitt  around  a  shaft  and 
leaving  the  bearing  surfaco  as  it  forms?     Why?     How  should  oil  be  distributed  over  t' 
face  of  a  bearing?     Explain  with  sketches. 

8ft.  What  is  the  purpose  of  a  mandrel  which  is  us<m1  in  babbitting  a  bearing? 
may  one  be  made?     In  what  position  is  a  main  bearing  preferably  br 

8ft.  What  is  the  danger  of  repeatedly  taking  up  crank-pin  bearing  w« 
one  brass? 
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ST.  What  should  be  done  when  a  orank-pin  bearing  fa  "brut  mm!  brut"  and  is  still  too 
looee? 

88.  How  are  simple  aplit  bearings  adjusted?  What  clearance  should  there  ordinarily 
be  between  an  engine  journal  and  its  bearing? 

St.  Name  six  conditions  which  will  cause  bearings  to  heat. 

SO.  What  can  be  done  to  stop  the  heating  of  a  orank-pin  bearing  without  atoppinf  the 
engine? 

81.  What  should  be  done  when  a  main  bearing  starts  to  heat? 

88.  Give  general  directions  for  handling  a  badly  overheated  main  bearing. 

88.  What  are  some  advantages  of  metallic  packing  on  good  rods? 

54.  How  should  metallic  packing  be  ordered?     How  soft  packing  over  H  in.  wide? 
MM.  What  are  possible  causes  of  an  engine  getting  out  of  line?     What  are  the  result!? 
88.  In  what  order  should  the  various  alignments  of  an  engine  be  made  in  erecting? 

Explain  the  procedure  using  a  sketch. 

ST.  If,  when  erecting  an  engine,  the  correct  axial  center  line  for  the  shaft  is  found  *4  to 
pass  through  the  center  of  the  outboard  bearing,  what  should  be  done? 

55.  How  may  the  alignment  of  an  engine  be  tested  without  *<;<tw*nMti,*g  it?  Explain 
with  a  sketch  what  is  indicated  if  the  crank  pin  is  a  different  distance  at  the  two  dead 
centers  from  a  reference  lino  which  is  level  and  which  fa  parallel  with  the  cylinder  am. 

St.  Name  six  causes  of  cngino  knocks  and  their  remedies.  Which  are  the  mart 
common? 

40.  What  danger  lies  in  tightening  bearings  to  stop  any  knock  which  occurs  is  ta 
engine? 

41.  Why  are  engines  usually  run  "over"? 

4S.  What  happens  if  tho  plunger  in  the  dash-pot  of  a  Corliss  valve  gear  leaks  exces- 
sively?    What  if  the  cushion  air  escape*  too  rapidly?     What  if  it  escapes  too  slowly? 

48.  Why  should  engine  room  records  be  kept? 

44.  Explain  a  method  of  repairing  a  plain  D-slide  valve  without  machine  tools.  How 
are  piston  valves  repaired  when  the  leakage  fa  found  to  be  excessive?     Corliss  valves? 


DIVISION    14 

USE  OF  SUPERHEATED  STEAM  IN  ENGINES 

426.  The  Use  Of  Superheated  Steam  In  Engines  Always 
Results  In  Some  Gain. — Actual  fuel  savings,  due  to  super- 
heating an  engine's  steam  supply,  range  from  6  to  20 
per  cent.  Whether  the  expense  of  installing  and  maintaining 
the  superheater  (Figs.  483  and  484)  is  justified  can  be  deter- 


Saving  Due  to : 

Steam   1~s  =  167ftrC«rt 

hmi  afiaEH.ft7ft,c*rt 


mined  only  by  comparing  such  expense  with  the  value  of  the 
fuel  saving  which  is  effected  by  superheating  the  steam.     " 
fuel  saving  in  simple  engines  is  about  1  per  cent,  for  each  1C 
fahr.  of  superheat.    Whether  a  high  initial  s' 
with  slight  superheat  or  a  low  pressure  with 

37  417 
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is  the  more  economical  depends  on  the  type  and  other  operat- 
ing conditions  of  the  engine  (Sees.  432-435). 

Note. — Fur  Definition  And  Theoretical  Discussion  Of  Supis- 
u bated  Steam,  eee  the  author's  Practical  Heat.  See  also  Div.  10. 
The  efficiency  of  the  ideal  Hankine  cycle  is  not  materially  increased  br 
moderate  superheat  (see  Sec.  315).  But  with  superheated  steam  there  ii 
less  cylinder  condensation  and  less  pressure  drop  from  the  boiler  to  the 
engine  cylinder.  Hence,  while  the  use  of  superheated  steam  does  not 
materially  increase  the  Rankine-cycle  efficiency  it  does  increase  the 
thermal  efficiency  and  hence  the  Rankine-cycle  ratio, 


426.  The  Differences  Between  Superheated  And  Saturated 
Steam  at  the  sumo  pressure  may  ix;  enumerated  as  follows: 

1.  .SupiTkrdU'il  steam  if  gtm-riited  first  as  saturated  or  tret  steam  and 
thin  fiirthrr  hated  in  a  saperlwater,  practically  no  water  bring  preterit, 
and  is  thus  converted  into  superheated  steam.  That  is,  its  temperature 
in  raised  iiliuvc  the  lioiliiifi  point  at  (he  given  pressure. 

2.  Tin-  ti  in ;m' raturi  iif  saiK'hatid  steam  ix  greater  at  the  same  prtaart 
thin  that  .if  Diiiuruhii  strum.  Saturated  steam  at  n  given  pressure  exists 
»l.  only  ouu  temperature  —the  boiling  point  lit  that  pressure;  but,  at 
this  siniii!  pressure,  superheated  sleam  may  have  any  temperature  ahovi' 


:i.   The 

might  of 
Steam,  in 
theabsoh 


tllJ.fMll 


'at   stem 


is  greater  than  that  a}  the  taw 
tssurr,  that  is,  its  density  is  less 
i  that  its  volume  varies  roughly  * 
olumo  which  it  occupies,  however 
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must  be  found  from  a  superheated -steam  table  or  chart.  Less  weight 
of  superheated  steam  is  therefore  required  to  fill  a  certain  volume  and 
thus  for  a  given  amount  of  work  by  an  engine.  This  lesser  weight  of 
steam  requires  a  lesser  condenser  and  air  pump  capacity;  or,  conversely, 
results  in  a  higher  vacuum  for  a  given  condenser  and  air  pump  capacity. 

4.  The  total  heat  per  pound  of  superheated  steam  is  (Fig.  483)  greater 
than  that  of  saturated  steam  at  the  same  pressure;  also  superheated  steam 
contains  more  heat  than  does  saturated  steam  at  the  same  temperature. 

5.  Superheated  steam  may  be  cooled  somewhat  without  condensation 
taking  place.  Any  abstraction  of  heat  from  saturated  steam  causes 
condensation  but  the  superheat  which  superheated  steam  contains,  in 
addition  to  the  heat  contained  in  saturated  steam  at  the  same  pressure, 
may  all  be  abstracted  from  superheated  steam  before  any  condensation 
occurs. 

6.  Superheated  steam,  so  experiments  tend  to  indicate,  decreases  more 
in  volume  for  a  given  abstraction  of  heat  than  docs  saturated  steam.  This 
appears  to  be  the  cause  of  the  expansion  lines  of  indicator  diagrams, 
which  are  taken  while  using  superheated  steam,  to  fall  off  somewhat 
more  rapidly  than  they  would  were  saturated  steam  used  under  the 
same  conditions. 

7.  Superheated  steam,  if  brought  into  contact  with  a  small  amount  of 
water,  will  evaporate  all  or  part  of  the  water;  whereas  saturated  steam  will 
not  evaporate  any  water.  Therefore  superheated  steam  never  contains 
any  suspended  water  in  the  form  of  fine  droplets  nor  does  it  carry  any 
water  mechanically  as  docs  wet  steam. 

8.  Superheated  steam  has  lower  heat  conductitnty  than  has  saturated 
ateajn,  probably  because  there  is  no  moisture  in  it.  Therefore  it  does 
not  lose  heat  through  the  walls  of  a  pipe  as  readily  as  does  saturated 
steam.  For  this  reason,  it  is  usually  more  economical  to  transmit 
superheated  steam  than  saturated  steam  at  the  same  pressure,  in  spite  of 
the  higher  temperature  of  the  superheated  steam. 

9.  Superheated  steam  has  less  viscosity  or  fluid  friction  than  has  saturated 
steam.  Hence,  there  is  less  loss  of  pressure  due  to  wire-drawing  in  engine 
valves  when  superheated  steam  is  used.  A  given  volume  of  superheated 
steam  will  ordinarily  flow  through  a  given  pipe  line  in  a  given  time  with 
less  loss  in  pressure  than  will  the  same  volume  of  saturated  steam. 
However,  because  of  the  lesser  density  of  the  superheated  steam,  the 
Weight  of  superheated  steam  transmitted  at  a  given  pressure  through  a 
pipe  is  somewhat  less  than  if  the  steam  were  saturated. 

427.  Valves  For  Engines  Using  Highly  Superheated  Steam 
are  usually  of  the  piston  (Fig.  485)  or  poppet  (Fig.  48G) 
types.  Locomotive  and  marine  engines  which  operate  on 
superheated  steam  usually  have  piston  valves.  Stationary 
engines  for  highly  superheated  steam  usually  have  poppet 
valves.     Simple  slide  valves  can  only  l>c  used  for  slightly 
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superheated  attain  because  of  their  tendency  to  warp 
exposed  to  the  hot  dry  vapor.     The  maximum  amount  0 


..xsi   with   valves  of   various  types 
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428.  Table  Showing  Maximum  Pressures  And  Superheats 
To  Which  Engine  Valves  Of  The  Various  Types  May  Be 
Subjected. 

Valve 

I'n-fMiirc, 
lb.  per  sq. 

Superheat, 
dcg.  fahr. 

Total 

temperature, 
deg.  fahr. 

125 

'200 
J 175 
1250 

250 

SO 
120 
2001 

170  J 
200 

395 
500 
570 
600 

Corlia. 

Poppet 

Xotb. — Good  Practice  With  Corliss  Valves  Is  To  Use  Moderate 
']  km  eats  (about  50  deg.  f;itir.  :■.      The  first  50  deg.  fahr.  superheat  is 
***«  most  cheaply  obtained  and  is  more  beneficial  than  any  other  equal 
'Urease  in  superheat.     Higher  superheats  than  thuse  indicated  in  the 
**b!e  are  occasionally  used  but  average  practice  in  much  lower  than  the 
v*lues  given. 

429.  Metals   For   Valves   And   Seats   Which   Are   To   Be 
^Jsed   With   Superheated   Steam   arc   cast   iron,   cast  steel, 
Monel  metal  and  bronze.     For  safety  valves,  Monel  metal 
seats  and  valve  feathers  are  preferred  by  some  manufacturers. 
Soft  brasses  cannot  be  used.     Piston  valves  should,  prefer- 
ably, be  cast  from  the  same  heats  as  their  seats  to  insure 
equal  expansion  or  contraction  with  change  in  temperature. 
Superheated  steam  has  a  greater  tendency  to  cut  the  faces  of 
valves  when  the  valves  are  "  cracked  "  (nearly  closed)  than  has 
saturated  steam.     High-grade   cast  iron  is  used  for  Corliss 
and  poppet  valves  with  superheated  steam  up  to  about  550 
deg.  fahr.     It  has  some  tendency  to  "grow  "  (suffer  a  perma- 
nent increase  in  size)  due  to  the  action  of  high-temperature 
steam.     Cast     steel  is  used  for  valve  bodies;     bronze  for 
piston- valve  bushings. 

430.  Cylinder  Oil  For  Engines  Using  Superheated  Steam 
most  be  a  high-grade  oil  which  will  not  decompose  at  the   _ 
steam  temperature.     Highly  superheated  steam  will  not  conf 
dense  in  the  cylinder  of  an  engine  when  operating  at  full  load 

A  small  quantity  of  the  correct  heavy-bodied  eylindf 
ii    furnish    efficient    lubrication.     Friction   and  X 
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perature  have  a  tendency  to  decompose  unsuitable  oil  and 
form  carbonaceous  deposits.  Therefore  only  a  high-quality 
cylinder  oil  should  be  used.  An  engine  operating  under 
average  light-load  conditions  on  highly  superheated  steam 
requires  a  relatively  small  volume  of  steam  per  stroke,  which 
though  introduced  in  the  cylinder  in  a  dry  condition  will,  at 
the  end  of  the  stroke,  be  partially  condensed.  Also,  if  the 
steam  is  initially  only  moderately  superheated,  it  will  enter 
the  high-pressure  cylinder  in  dry  condition,  but  will  cool, 
and  toward  the  end  of  the  stroke  it  will  partially  condense. 
Under  these  conditions  a  medium-bodied  high-quality  cylinder 
oil  will  f urish  efficient  lubrication.  A  number  2  or  number  3 
dark  straight  mineral  oil  is  recommended  in  Table  482  for 
most  superheated  steam  conditions.  The  Vacuum  Oil  Co. 
recommends  its  "Gargoyle  cylinder  oil  600-W"  up  to600deg. 
fahr.  and  "Extra  Hecla"  for  over  600  deg.  fahr.  total 
temperature. 

431.  Operating  Engines  On  Superheated  Steam  Does  Not 
Necessarily  Involve  Any  Change  In  Operating  Methods. 
Engine  valves  and  lubrication  systems  must  be  such  as  to 
permit  the  contemplated  degree  of  superheat.  Metallic 
packing  (Fig.  309)  should  always  be  used  with  high-pressure 
superheated  steam  since  soft  packings  will  not  stand  the  high 
temperatures  and  pressures.  The  packing  gland  should  also 
be  independently  supplied  with  oil  of  a  high  grade  and  under 
pressure. 

Notk. — Oil  Is  Siti'likd  To  The  Cylinders  And  Valves  Of  Corx- 
tkkflow  Engines  Employing  Superheated  Steam  preferably  by  the 
atomization  method,  as  explained  in  Sec.  502.  However,  oil  is  some- 
times admitted  through  openings  into  the  valve  chest.  The  piston  valve 
of  Fig.  4S5  is  supplied  with  oil  through  the  lining  around  its  central 
portion.  The  oil  is  led  through  a  pipe  to  the  small  annular  space  between 
the  two  halves  of  the  lining  from  which  it  is  carried  by  the  moving  valve 
and  later  taken  away  by  the  steam.  Uniflow  engines  arc  supplied  with 
cylinder  oil  as  explained  in  Sec.  434. 

432.  The  Use  Of  Superheated  Steam  Partially  Obviates 
The  Desirability  Of  Compounding. — As  was  explained  in 
See.  273,  the  chief  purpose  in  compounding  is  to  decrease 
cylinder   condensation.     W»«*«   superheated  steam   is  used, 
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its  excess  heat  prevents  any  immediate  condensation  and 
may  keep  the  steam  dry  until  cut-off.  Moreover,  the  lessor 
heat  conductivity  of  superheated  steam  results  in  a  lesser 
transfer  of  heat  to  and  from  the  cylinder  walls.  Hence  it 
follows  that  the  economy  of  superheating  (Figs.  487  and  488) 
is  not  as  great  in  compound  and  triple-expansion  engines  as  in 
nple  engines.  Also  the  economy 
of  compounding  is  not  as  great 
when  superheated  steam  is  used 
as  when  the  steam  is  saturated. 
These  facts  arc  evident  from  the 
following  table: 


L      i 

r 

2™ 

^ 

■Stoifslt  Non-Conden 
-~^X%  Rating  - 

_ ; 

\^ -/■>.*-- 

i-: 

^ 

£- 

Sir 

Nan- Car** 

.-■.,.'  a.,, 

^>^ 

- 

- 

1       \Co/npo&nt*  J 
— p Ccndmsrig  Fallla 

- 

Degree*  Superheat 

Fia.  487.— Showing    the    effect   of 

supcrhrat  on  *  simple  12  by  16-mad  ■ 

preeeure  r00-l 10  lb.  per  wj.  in.    Ftittr 

433.  Table  Showing  Savings  Effected  In  Engines  Of 
Different  Classes  By  Superheating  The  Supply  Steam. 
(Alexander  Bradley,  Power,  Sept.  2,  1919.) 

1  Saving  in  per  cent,  due  to 

100  deg.  fahr.  superheat 
'at  average  pressures 


Simple  engines  and  compressors 

Compound  engines  and  compressors. . 

Triple-expansion  engines 

Single  direct-acting  pumps 

Compound  direct-acting  pumps 


Steam 

Heat 

saving 

savin; 

18 

13.5 

14 

10.5 

12 

9.0 

22 

16.5 

18 

13.5 
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Note. — Compound  and  multi-expansion  engines  benefit  more  by 
higher  steam  pressures  than  they  do  by  superheat.  Consequently  the 
practice  is  to  use  relatively  high  pressures  and  relatively  little  superheat 
with  engines  of  these  types. 

434.  la  Uniflow  Engines,  The  Use  Of  Superheated  Steam 
Is  Very  Economical  (Sec.  333).  Uniflow  engines  axe  practi- 
cally always  simple  engines  but  are  installed  where  high 
economies  are  desired  and  are  commonly  operated  condensing, 
Under  these  conditions,  superheated  steam  is  a  decided  advan- 
tage and  is  nearly  always  used. 

Note. — In  Lubricating  Ujjiflow-Enoine  Cylinders,  it  is  better  to 
inject  some  of  the  oil  at  points  A  and  B  (Fig.  48ft),  than  to  mix-it  all  with 


Fio.  4Sa.~ Sh< 


the  steam.  Due  to  the  nearly  straight  path  of  the  steam  in  a  unifio"- 
engine  cylinder,  the  oil  which  is  mixed  with  the  steam  has  much  lew 
tendency  to  attach  itself  to  the  walls  of  the  cylinder  than  it  has  in  counter- 
flow  engines.  However,  when  injected  at  A  and  A,  the  oil  has  a  tendency 
to  flow  down  over  the  walls.  The  piston  then  spreads  it  over  the  cylin- 
der's length. 

435.  When  Superheated  Steam  Is  Used  In 
Triple-Expansion  Engines,  the  steam  usually 
rated  in  the  high-pressure  cylinder  before 
the    steam   enters   the   receiver   as   wet  ■ 
(Fig.  33G)  is  frequently  used  under  the 
heat  the  steam  again  before  it  enterp 
cylinder;  see  the  "loc  '  In) 
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NOTK. — SWPLE  Engines  ABB  PROFITABLY  OPWUTED  AT  RELA-. 
tivxlt  Low  Pressures  And  High  Superheats.  For  mechanical 
reasons  high  prefigures  are  not  desirable  in  simple  engines.  But,  for 
high  efficiency,  the  temperature  range  in  a  simple  engine  must  be  great. 
By  employing  high  superheats,  a  large  temperature  range  may  be 
secured  without  the  mechanical  difficulties  and  excessive  cylinder  con- 
densation (Fig.  490)  which  high  pressures  involve. 


I's. 


_,     1 

\    I 

-4^E— 

5?r 

ftretmoge  Of  Strcke  Complc-ftd 
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436.  A  Table  Showing  The  Advantages  And  Disadvantages 
Of  Superheated  Steam  as  compared  to  saturated  steam  for 
steam-engine  operation  is  as  follows: 


Advantages 


Increases  engine  efficiency. 
Decreases  the  amount  of  oil  needed. 
Requires  less  weight  of  steam  for  a 

given  amount  of  power. 
Decreases    cylinder    condensation 

and  trouble  with  water  in  engine 


radiation  and  pressure 


Requires  additional  equipment. 
Requires  a  better  grade  of  oil. 
Requires  high-temperature  packing. 

Where  impure  feed  water  is  used, 

dust   may   be    carried    from    the 
superheater  to  the  engine.     See 
note  below. 
May   cause  changes   in   shape   and 
L'ize  of  east-iron  parts. 


IS1"* 


Foaming  Boiler  May  Give  Dangerous  Results  If  The 

:d.     The  foam  which  leaves  the  boiler  is  usually  u 

fation  of  some  mineral  which  was  used  as  a  scale  preventive. 

irated  water  is  evaporated  in  a  superheater,  the  mineral 

superheater  as  a  fine  dust.     After  a  quantity  of  dust 

»e  superheater,  some  of  it  will  be  carried  away  with 

use*  to  the  engines.     As  this  mineral  dust  is  a  ve~' 
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good  abrasive,  it  becomes  very  dangerous  in  that  it  will  probably  score 
the  engine  cylinder.  Foaming  of  the  boilers  is,  therefore,  to  be  particu- 
larly avoided  when  the  steam  leaving  the  boiler  is  later  superheated. 

QUESTIONS  ON  DIVISION  14 

1.  What  steam  saving  results  from  superheating  steam  for  simple  engines? 
1.  What  effect  has  superheat  on  cylinder  condensation T 

I.  Name  six  differences  between  superheated  and  saturated  steam. 

4.  What  is  an  approximate  relation  between  the  temperature  of  superheated  steam 
and  its  volume? 

f.  What  types  of  valves  are  preferred  for  highly  superheated  steam? 

f .  What  effect  in  the  valves  of  an  engine  is  noticed  due  to  the  lesser  fluid  friction  of 
superheated  steam? 

T.  What  is  the  approximate  limit  of  total  temperature  for  cast-iron  valves? 

8.  What  metals  are  used  in  valves  for  superheated  steam? 

9.  What  kinds  of  cylinder  oil  are  recommended  for  engines  using  superheated  steam? 

10.  How  is  oil  introduced  into  a  counterflow  engine  using  superheated  steam?  Into 
a  uniflow  engine? 

II.  What  kind  of  packing  should  be  used  for  highly  superheated  steam? 

11.  What  is  the  relation  between  compounding  and  superheating  in  steam-engine 
practice? 

It.  How  docs  superheating  lessen  the  desirability  of  compounding? 

14.  When,  in  general,  are  high  pressures  and  slight  superheats  used?  When  low  pres- 
sures and  high  superheats? 

If.  What  is  the  usual  condition  of  the  exhaust  steam  from  the  high-pressure  cylinder 
of  a  compound  engine  using  superheated  steam? 

16.  Enumerate  the  principal  advantages  of  superheated  steam  for  engines. 

17.  Explain  why  a  foaming  boiler  is  dangerous  in  a  superheated-steam  plant. 
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SELECTING   AN  ENGINE 


437.  The  Governing  Factor  In  Selecting  An  Engine  Should 
s  The  Cost  Per  Unit  Of  Energy  Delivered  liy  the  engine. 
In  Domputiog  the  cost  per  unit  of  energy  delivered  (Sec.  447), 
all  items  of  expense  must  be  considered.  An  engine  with  a 
ncy  low  initial  cost  may,  because  of  its  steam  rate,  produce 
power  at  a  much  higher  cost  than  a  more  expensive  engine 
which  uses  less  steam.  Conversely,  the  engine  which  uses 
least  steam — and  therefore  the  least  fuel —  will  not,  necessarily, 
produce  power  more  cheaply  than  a  less  expensive  engine 
which  uses  more  steam — although,  erroneously, snme engineers 
ronsiiler  only  the  fuel  cost.  As  explained  in  fol  lowing  seel  inns, 
there  ure  a  large  number  of  elements  which  enter  into  the 
computation  of  the  unit  energy  cost.  The  unit  energy  cost 
s  usually  computed  over  a  yearly  period,  thus: 


13)  Cost  per  unit   of  energy 


Total  expenses   per  year 

!■;>,,  r,ji)  unit*  dt  ecloped  prr  year 


ISUSUB 

Note.— Tub  Total  Annual  Cost  Of  An  Engine,  which  will  supply  a 
given  quantity  of  power  throughout  (he  year  and  under  certain  condi- 
■ -.  El  frequently  used  as  the  governing  factor  in  selection;  but,  aa 
explained  later,  the  tola!  annual  cost  then  hears  a  given  ralio  to  the 
mil  power  cost.  Thus,  it  is  i  mm  uteri  a  I  whether,  under  given  conditions, 
lite  unit  energy  cost  or  the  total  annual  cost  is  taken  as  the  governing 
n  engine  selection. 
n.— The  Procedure  In  Selecting  An  Engine  Fob  A  Given 
:  (1)  A  study  of  requirements  and  operating  conditions 
what  type  nr  types  of  engines  ure  I n'.-l  suited  for 
ition  of  the  unit  cost  nf  energy  for  tarh  engine 
r-w  the  werviee  and  which  it  is  desired  to  consider,  [3J 
which  affords  the  least,  unit,  energy  cost. 
by  follow  deal  with  the  calculation  ot  itiv  t 
i  are  given  considerations  of  service  n 
for  engine  selection. 
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438.  Various   Elements   Which   Are   Factors   In  Energy 
Cost  And  Which  Should  Be  Considered  In  Computing  The 
Cost  Per  Unit  Of  Energy  are  generally  grouped  into  two 
classes:  (1)  The  fixed  charges,  or  those  elements  of  cost  which 
are  the  same  whether  an  engine  is  operated  or  idle.    The  fixed 
charges,  as  explained  in  subsequent  sections,  comprise  interest 
on  invested  capital,  rentals,  insurance,  taxes,  and  depreciation, 
which  is  the  natural  loss  of  value  of  the  machine  as  its  age 
increases  (Sec.  443).     (2)  Operating  charges,  or  those  elements 
of  cost  which  are  proportional,  directly  or  otherwise,  to  the 
energy  developed  by  an  engine.    The  operating  charges,  as 
is  also  explained  in  subsequent  sections,  include  the  cost  of 
all  labor  involved  in  the  operation  of  the  engine,  the  costs  ol 
all  materials  which  are  consumed  in  its  operation,  and  all 
costs  necessary  to  keep  it  in  a  good  operating  condition; 
such  as  the  cost  of  repairs,  replacements,  and  adjustments. 
These  operating  charges  are  frequently  termed  attendance, 
material,  and  maintenance  respectively. 

Note. — Fixed  Charges  Are  Often  Computed  As  A  Lump  Sum — 
that  is,  the  annual  amount  of  the  fixed  charges  is  taken  as  a  certain  per- 
centage of  the  total  first  coat.  A  common  percentage  for  this  purpose, 
which  experience  shows  to  be  fairly  accurate  for  average  conditions,  is 
15  per  cent.  Thus,  if  an  engine,  installed,  costs  $10,000,  the  fixed  charges 
may  be  taken  as  0.15  X  $10,000  =  $1500  per  year.  Why  15  per  cent, 
is  taken  nit  her  than  some  other  value  will  be  evident  from  a  study  of  the 
example  under  Sec.  440  wherein  the  total  of  the  fixed-charge  percentages 
is  15. 

439.  Interest  is  the  cost  of  the  capital — invested  money — 
in  any  undertaking.  Interest  is  a  rental  or  fee  paid  for  the 
use  of  money.  A  corporation  can  only  obtain  money  by 
borrowing  from  investors  who  always  demand  interest  (a 
rental  in  payment  for  use  of  the  money.  If  the  borrowed 
money  is  used  to  purchase  an  engine,  the  interest  on  the  invested 
money  is  an  item  of  the  expense  incurred  in  operating  the 
engine.  Now.  oven  if  one  uses  his  own  money — and  does 
not  have  to  Ivrrow  in  purchasing  an  engine,  interest  should 
nevertheless  Iv  ehargvd  in  when  determining  the  total  expenses 
per  year  of  the  engine.  Or  ider  that,  if  the  engine 
had  not  Nvn  tmrvhasc  ^ras  used  for  its 


purchase  could  have  been  invested,  kept  on  deposit,  or  loaned 
so  as  to  draw  interest.  If  the  money  is  invested  in  an  engine 
it  should  bring  at  least  the  same  return.  Therefore,  for  com- 
parative purposes  the  interest  on  the  money  invested  in  the 
engine  should  always  be  computed  and  recognized  as  an  item 
of  expense  incident  to  the  ownership  of  the  engine.  See 
example  under  Sec.  446  for  an  application  of  this  idea. 

Note. — Tbb  Annual  Interest  Expense  is  determined  by  the  amount 
nf  the  initial  investment  and  by  the  current  interest  rale.  The  initital 
investment  includes  the  first  cost  of  the  engine,  its  accessories,  founda- 
tion, and  installation  together  with  atl  transportation  charges.  The 
interest  rate  is  usually  6  to  8  per  cent,  per  year. 

Example. — If  an  engine  installed  complete  costs  $10,000  and  the 
usual  interest  rate  in  the  community  where  it  is  installed  is  B  pa  HOLj 
then  (A*  annual  i'ltertit  expense  uj  operating  the  engine  ■»  10,000  X  0.06 
■  J600  per  year — and  this  flMX)  is  just  as  real  an  item  of  the  cost  of 
running  the  engine  as  is  the  cost  of  the  oil  and  waste  for  it  or  the  coat  of 
the  steam  which  operates  it. 

440.  Rent,  As  An  Item  Of  Engine  Expense,  Should  Be 
Charged  In  Proportion  To  The  Floor  Space  occupied  by  an 
engine  whether  the  building  in  which  the  engine  is  housed 
is  rented  or  not.  The  engine  and  its  accessories  occupy 
space  which  could  otherwise  be  used  for  some  other  purpose. 
The  fair  rent  which  this  space  could  command  is  justly  an 
expense  incident  to  the  keeping  of  the  engine.  Horizontal 
engines  occupy  space  about  as  follows:  Over  2000  h.p.— 
0.S  sq.  ft.  per  h.p.;  500  to  1000  h.p.— 1  to  2  sq.  ft.  per  h.p. 

II  engines* — 3  to  4  sq.  ft.  per  h.p. 
Nors. — A  Portion  Of  The  Administration  Ob  Omen  Expense  Or 
A  Plant  may  be  charged  to  an  engine.  According  to  its  value  as  compared 
with  that  of  the  rest  of  the  plant.  It  may,  however,  be  advisable  to 
group  the  engine  administration  expense  with  that  of  the  rest  of  the 
power-plant  equipment  and  then,  for  cost-estimating  purposes,  to  handle 
this  combined  item  as  a  single  item. 

441.  Insurance  Cost  Is  An  Item  Of  Engine  Expense  because 

it  is  a  direct  expenditure  for  protection  against  loss  by  fire 

r  other  hazards.     The  annual  cost  of  insurance  against  f 

s  is  small.     In  a  fireproof  building  it  is  ordinarily  less  thi 

r  cent,  annually  of  the  amount  of  insurance  carried; 
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wooden  buildings  it  is  somewhat  greater.  An  average  value 
is  about  1 .5  to  2  per  cent.  In  hazardous  locations,  such  as  in  a 
saw  mill  where  the  fire  risk  is  great,  it  may  be  impossible  to 
get  any  insurance.  The  depreciation  rate  (Sec.  444)  should 
then  be  made  high  enough  to  cover  a  possible  loss  by  fire 
within  a  few  years. 

442.  Taxes  Constitute  An  Item  Of  Engine  Expense  because 
taxes  are  the  cost  of  government,  including  police  and  fire 
protection,  which  is  levied  on  all  property  in  proportion  to  its 
assessed  value.  Tax  rates  per  year  are  usually  1  to  2  per  cent, 
annually  of  the  assessed  value  of  the  property.  The  assessed 
value  is  generally  lower  by  a  considerable  amount  than  the 
first  cost.  The  actual  tax  rate  for  any  community  may  be 
ascertained  by  consulting  the  assessor.  After  the  tax  rate 
is  determined,  the  taxes  on  the  engine  should  be  included  in 
its  annual  expense.  Taxes  on  the  real  estate  on  and  in  which 
the  engine  is  housed  should  be  taken  account  of  in  computing 
the  rental  (Sec.  440)  and  should  not  be  included  as  a  direct 
engine  expense  under  the  heading  of  taxes. 

443.  Depreciation  is  the  decrease  in  value  of  a  thing  as  it 
Incomes  older.  Any  piece  of  machinery  has  a  certain  useful 
life.  If  a  thing  has  a  life  of  10  years  and  no  scrap  value  and 
its  original  cost  is  $100,  it  is  evident  that  (disregarding  interest 
on  sinking  fund  and  other  refinements)  the  cost  per  year  of 
its  decrease  in  value  =  $100  -*-  10  =  $10.  From  this  it  is 
evident  that  depreciation  is  a  reasonably  definite  and  tangible 
item  in  the  cost  of  operating  an  engine.  Depreciation  may  be 
due  to:  (1)  Wear  and  tear;  continual  use  gradually  produces 
wear  at  all  of  an  engine's  bearing  surfaces.  Eventually 
it  may  be  impossible  to  properly  adjust  the  worn  parts.  The 
engine  will  then  be  useless.  (2)  Obsolescence;  improvements 
are  being  made  continually  in  the  principles  and  construc- 
tion of  steam  engines.  It  may  therefore  be  assumed  that, 
even  if  it  were  possible  to  maintain  an  engine  indefinitely  in 
good  running  order,  the  engine  would  eventually  have  to  be 
replaced  by  some  more  efficient  engine.  As  an  example  of 
obsolescence  may  be  taken  the  case  of  many  good  steam  engines 
which  wore  in  use  when  the  steam  turbine  was  first  perfected. 
In  many  instances,  the  engines  were  so  much  less  efficient  than 
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turbines  that,  though  new,  it  would  have  paid  to  replace  them 
with  turbines.  (3)  Inadequacy;  in  many  plants  the  demands 
for  power  increase  to  such  an  extent  that  it  becomes  econom- 
ically wise  to  discard  old  but  mechanically  good  engines  in 
favor  of  larger  engines.  Customarily,  it  is  not  attempted 
to  foretell  whether  an  engine  will  depreciate  because  of  wear 
and  tear,  obsolescence,  or  inadequacy;  but,  instead,  a  useful 
life  is  assumed  in  accordance  with  the  lives  which  experience 
shows  to  be  most  common;  see  following  section. 

Note. — The  "Depreciation  Charge"  Or  "Cost"  Or  The 
"Annual  Depreciation1'  is  the  amount  which  should  be  considered 
as  an  annual  expense  incident  to  the  ownership  of  an  engine  (or  other 
equipment).  It  may  be  found  by  dividing  the  first  cost  of  the  engine  by 
its  useful  life  in  years.  It  should  be  understood  that  annual  depreciation 
charges  can  be  only  reasonably  accurate  estimates  or  guesses — it  is 
impossible  to  predetermine  depreciation  exactly.  The  depreciation 
charge  should  actually  be  paid  out— that  is,  it  should  be  placed  in  a 
bank  or  other  safe  depository.  The  sum  which  thus  accumulates  in 
the  depository  is  called  the  sinking  fund.  At  the  end  of  the  engine's 
useful  life  the  sinking  fund  should  equal  the  first  cost  of  the  engine  so  that 
the  engine  may  be  replaced  without  borrowing  new  capital  or,  if  the 
engine  is  no  longer  needed,  that  the  investors  may  be  paid  off.  To  be 
strictly  correct  it  might  seem  that,  since  the  sinking  fund  can  be  made  to 
draw  interest  and  since  at  the  end  of  its  useful  life  the  engine  still  has  some 
value  (see  below),  the  depreciation  charge  computed  as  directed  above 
will  provide  a  sinking  fund  which  will  exceed  the  engine's  true  deprecia- 
tion. But,  since  the  life  of  the  engine  is  not  definitely  known  before- 
hand, the  "straight-line"  method  of  computing  the  depreciation  charge, 
which  is  suggested  above,  is  sufficiently  accurate  for  practical  purposes. 

Note. — The  Residual  Value  Or  Scrap  Value  Op  An  Engine  is  its 
value  at  the  end  of  its  useful  life.  Since,  at  the  end  of  its  useful  life,  an 
engine  has  no  value  as  an  engine,  its  residual  value  is  simply  the  value, 
as  scrap,  of  the  materials  of  which  it  is  made.  The  residual  value  of  an 
engine  seldom  exceeds  5  per  cent,  of  its  first  cost. 

444.  The  Usual  Depreciation  Rates  For  Steam  Engines 
are  determined  from  their  useful  lives.  Experience  shows 
that  the  average  lives  of  steam  engines  are  about  as  follows: 
High-speed  engines — 17  years.  Medium-speed  engines — 20 
years.    Low-speed  engines — 28  years. 

Example. — If  the  first  cost  of  a  medium-speed  engine  is  $8000  what 
should  be  its  annual  depreciation  cost?    Solution. — Since  the  probable 
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life  of  a  medium-*!'.  '  rat*  "  "* 

+  20  =  5    per    rail.     Therefore,    Ihe    annual    'Irprtciatiim    east  •  0-0i 
X  J8000  =  1400. 

446.  The  Operating  Costs  Of  An  Engine  are:  (!)  Maintenance. 
which  comprises  the  costs  of  repairs  and  such  replacement; 
of  parts  as  are  occasionally  necessary.  The  main  ten  ana.' 
cost  per  year  may  ordinarily,  for  estimating  purposes,  be 
taken  at  2  to  4  per  cent,  of  the  first  cost  of  the  engj 
Materials.  These  are  steam,  engine  oil,  cylinder  oil,  packing), 
waste,  and  miscellaneous  supplies.  The  cost  of  steam  rarfal 
greatly  with  boiler  conditions  and 
the  price  and  kind  of  fueL  ffitil 
12,000  B.t.u.  coal  at  $5.00  per 
,  the  average  cost  of  producing 
steam  in  a  stoker-fired  water-tube 
boiler  plant  is  about  (5 
1000  lb.  For  the  same  oral  la  I 
band-fired  return-tubular  plant, tin: 
cost  would  be  about  60  Qt.  per  1000 
lb.  In  any  plant,  Me  cost  of  steam 
Fia.  ml— showina  nvcrnge  Byi-  per  pound  =  (total  annual  boiler- 
hoiwpoww  "hourD'by  Tag.net  of  P^17*'  expense)  =  (number  of  pound* 
vnriaun  tfm,  of  steam    generated    per 

the  author's  Steam  Boilers.  The  cost  of  cylinder  oil  may 
be  based  on  the  average  cylinder-oil  consumptions  shown 
on  the  graph  of  Fig.  491.  The  amount  of  engine  oil  and 
varies  greatly  with  the  method  of  lubrication  and  the 
precautions  taken  for  its  recovery.  It  should  not  greatly 
exceed  the  amount  of  cylinder  oil.  The  cost  of  the  other 
materials  seldom  exceeds  10  ct.  per  h.p.  year  for  a  100-h.p. 
engine  to2ct.  per  h.p.  year  for  a  1000-h.p.  engine.  In  genenli 
the  oil  and  other  supplies  constitute  about  2  to  9  per  oeot  oftht 
total  operating  expenses.  (3)  Attendance.  This  iscl 
salaries  of  operating  engineers,  oilers,  and  a  portion  o(  the 
salaries  of  superintendents  and  others  who  devote  pail  ef 
their  time  to  the  engine  or  in  supervising  its  attend 
operating  engineer  can,  ordinarily,  take  care  of  more  than  oil* 
engine;  but,  where  the  plant  is  operated  24  hours  per  day, 
three  engineers  are  probably  necessary. 
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446.  The  Total  Annual  Cost  Of  An  Engine  is  the  sum  of  the 
annual  fixed  and  operating  costs.  The  meaning  of  this  is 
illustrated  in  the  following  example  which  gives  an  economic 
comparison  between  engines  of  two  different  types  which  are 
to  be  served  by  an  existing  boiler  plant. 

Example. — Compare  the  annual  cost  of  a  poppet-valve  engine  with 
that  of  a  slide-valve  engine.  Both  are  rated  at  200  h.p.  and  both  are 
operated  non-condensing  on  saturated  steam.  The  poppet-valve  engine 
uses  18  lb.  of  steam  per  i.h.p.  hr.  at  175  lb.  per  sq.  in.;  the  slide-valve 
engine  uses  29  lb.  of  steam  per  i.h.p.  hr.  at  125  lb.  per  sq.  in.  Assume 
that  the  cost  of  the  steam  at  175  lb.  per  sq.  in.  is  51  ct.  per  1000  lb.,  and 
at  125  lb.  per  sq.  in.  is  50  ct.  per  1000  lb.  A  stand-by  unit  is  assumed  to 
be  necessary  in  each  case. 

Solution. — 

Fixed  charges: 

Poppet-     Slid*-      Poppbt-    Slidb- 
Valvb      Valv*       Valvb      Valv* 

Firet  cost  of  one  engine $4,175  $2,225   $ 

Foundation  and  installation 625        625       

Total  first  cost $4,800  $2,850       

Interest  at  6  per  cent $  288    $      171 

Depreciation  based  on  an  18-year  life  at  5.55  per  cent. 

(100  -s-  18  -  5.55  per  cent,  per  year) 266  158 

Rent 70  60 

Taxes  and  insurance  at  2  per  cent 96  57 

Total  fixed  charges 720  446 


Doubling  this  value  to  include  stand-by  unit 1,440  892 

Operating  charges  (assuming  700,000  i.h.p.  hr.  of 
service  per  year,  that  is  200  h.p.  delivered  10  hours 
per  day  for  350  days) : 

Steam,  12,600,000  lb.  at  51  ct.  per  1000  lb 6,426 

20,300,000  lb.  at  50  ct.  per  1000  lb 10,150 

Oil  and  other  supplies 255  255 

Attendance 3,150  3,150 

Repairs  (guess  estimate) 115  95 

Total  operating  charges 9,946       13,650 


Total  annual  cost $11,386       14,542 

11,386 


Annual  saving  of  poppet-over  slide-valve  engine $  3,156 

28 
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'I'lic  ulivious  n  inclusion  is  tli:it,  fur  the  n'ltiditiou*  spc'ita-il     ■ 
valve  engine  is  the  more  economical.      This  i»  bee  , 

consumption.  If  the  steam  (coal)  were  cheaper  or  if  the  engine  n-i-n- 
■  i  ijipiirs  ilu ring  the  yt-ar,  1  lie  difference  in  tin-  animal  ii«l>  \\  mii.i 
ban  $3156  or  it  might  tie  in  favor  of  the  Blific-vi.lv,-  crimm-  If 
would  be  possible  to  decrease  the  initial  investment  for  the  poppet 
viilvu  i-ngiiics  I iy  using  n  cheap  engine  us  a  stand-by  unit.  The  standhv 
unit  need  not,  ordinarily,  be  operated  more  than  a  week  in  each  yenr; 
Induce  its  slcuni  r-onsu  nipt  ion  Mould  be  of  rctutivclj  minor  j inpr,rt im  ■■- 
There  are,  however,  many  advantages  in  having  both  the  working  nad 
■pue  engine!  of  the  same  kind  (Sec.  452). 

447.  The  Unit  Cost  Of  The  Energy  which  is  generated  by 
an  engine  is  calculated  by  dividing  the  total  annua]  ooet  at 
an  engine  by  its  yearly  energy  output]  we  Sec.  137  and  also 
the  following  example. 

Example. — If  the  engine  of  the  preceding  section  produo 
050,000  h.p.  hr.  of  useful  mechanical  energy,  would  i 
electrical   energy    (which   can   be   converted   inio   mechanical   with   no 
efficiency  of  82  per  cent.)  for  i  ct.  per  kw.  hr.?     Soli:ti<>\ 
of   the  purchased   mechanical   energy   (converted   i 

1  -^  0.82  =  1.9  el.  per  kw.  hr.     From  the  engine,  the  mechanical  tnergr 
cost  -  {total  annual  cost)  4-  (number  of  energy  unit*  produced)   =  fll,3Sfi 

+  050,000  =  $0.0175  or   1.75  ct.   per  h.p.  hr-  or  1.75  X  1000,711'.  -  2.M 
ct,  per  ku>.  hr.     Therefore,  the  engine  develop!  eneigj   al 
than  that  for  which  the  electrical  energy  can  be  bought. 

448.  Before  Endeavoring  To  Select  An  Engine  For  Any 
Given  Service,  the  following  factors  ehould  be  determined  or 
estimated:    (1)    Horse   power   of  engine.      (2)  Spenl  ■ 

(3)  Operating  conditions,  such  as  the  initial  state  -pressure  and 
temperature — of  the  engine's  steam  supply,  whet  he  i  1 1 
is  to  lie  operated  condensing  or  non-condensing,  Ihe  boDa 
capacity,  and  the  cost  of  fuel.  If  tho  engine  is  to  run  non- 
condensing  and  if  exhaust  steam  is  necessary  for  I 
industrial  processes,  the  quantity  of  exhaust  steam  required 
should  also  be  known.  (4)  Operating  charadtrittia,  BUCh  M 
the  load  curve  (see  .Sec.  453),  the  expected  life  of  the  engine, 
and  the  types  of  the  other  engines  in  the  plant. 

None.— 1\  Si.i.tiiTiMi  Engines  For  A   Nkw   Punt  tb 

i- lilioim  arc  not  usually  determined  ilcflnitelj    til 

engine  which  will  he  used  has  been  selected.      Furtl 

menu,  ns  (o  horec  power  and  exhaust  steam  required,  ciin  fi 
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n    ni-k'i'i  iik   mi   ■•iikiiio   for   addition    to  an 
>nts  and  operaiiai;  i-jruJitions  are  usually 


449.  In  Determining  the  Proper  Horse  Power  Of  A  Contem- 
plated Engine  two  things  should  be  considered:  (1)  The 
maximum  or  peak  loud  which  the  engine  must  carry.  As 
engines  cannot  economically  develop  much  more  than  25 
per  cent,  overload  and  as  it  may  be  expected  that  the  power 
requirements  will  usually  increase  after  the  engine  is  in  service, 
(lie  engine  selected  should  have  a  normal  rated  capacity  at 
least  as  great  as  the  peak  load  which  it  must  carry.  (2)  The 
continuity  of  service  which  is  desired.  In  some  plants  the 
management  will  not  object  to  an  occasional  shut-down  of 
the  engines  for  repairs.  During  the  shut-down  power  may, 
in  some  eases,  be  purchased  from  another  company.  In 
other  plants,  electric-light  plants  in  particular,  there  must  be 
no  danger  of  having  ever  to  discontinue  any  of  the  power 
supply.  In  such  plants  the  units  should  be  so  selected  that, 
should  the  largest  unit  need  repair,  the  remaining  units  can 
carry    the  entire  load   which  may  come  on  the   plant. 

Exami'LE. — If  a  power  plant  has  a  peak  load  of  400  h.p.,  and  if  -lini- 

■    jM.-rmiiwihle,  the  plant  may   he  equipped  with  one  400-h.p. 

cui-iiii'  or  two  200-h.p.  I'liirmi's;  but,  if  shut-downs  must  be  avoided,  the 

plant    must  cither  have  two  400-h.p.  engines  or  three  200-h.p.  engines, 

or  some  other  combination,  see  See.  453. 

450.  In  Determining  The  Desirable  Speed  Of  A  Contem- 
plated Engine  Or  Engines,  the  use  to  which  the  engine  is 
to  be  put  should  Ix*  considered.  Generally  speaking,  elec- 
tric generators,  especially  alternating-current  generators,  are 
in'i~t  advantageously  driven  at  high  rotative  speeds  because 
nigh-speed  generators  cost  less  than  do  slow-speed  gene- 
rators. High-speed  engines  may,  therefore,  be  direct-connected 
In  generators  whereas  slow-speed  engines  must  be  belted  to 
or  employ  larger  and  more  expensive  generators.  Where 
engines  are  not  used  to  drive  generators,  the  service  conditions 
almost  automatically  determine  the  most  desirable  speed.  In 
my  case,  the  desirability  of  a  certain  engine  speed  should  be 
•ousidered  along  with  all  other  factors.     When  an  engine  is 

I  to  its  load  the  ratio  of  the  speeds  of  the  driving  to  the 
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driven  pully  or  vice  versa  should  not  exceed  6  to  1;  4  or  5  I 
to  1  is  preferable.  I 

Note. — The  Speed  Of  An  Engine  Which  Drives  A  Direct-Cox-  I 
nected  Alternating-Current  Generator  is  definitely  determined  1 
by  the  desired  frequency  and  the  number  of  field  poles  of  the  generator,    I 

thus: 

til4.  120  X  frequency  I 

(64)  r.  p.  m.  =  -^ 77-jV-  f - 

No.  of  field  poles 

Sec  the  author's  American  Electricians'  Handbook  for  further  informa- 
tion and  table  of  synchronous  speeds  for  the  various  frequencies  and 
numbers  of  field  poles. 

461.  In  Considering  The  Operating  Conditions  With 
Reference  To  The  Selection  Of  A  Contemplated  Engine  Or 
Engines  it  should  be  remembered  that:  (1)  The  state  of  the 
steam  supplied  to  the  engine  determines  to  a  degree  the  kind  of 
valves  which  the  engine  may  have;  see  Sec.  428.  (2)  Exhaust 
steam  requirements,  throughout  the  factory,  determine  whether 
a  low  steam  rate  is  necessary  or  even  desirable.  (3)  Condens- 
ing operation  is  advisable  under  certain  conditions  (see  Sec.  297), 
but,  in  other  cases,  is  not  necessary  or  even  desirable.  (4) 
Boiler  and  condenser  capacities  determine  whether  the  con- 
templated engines  will  necessitate  new  boilers  and  condensers 
and,  therefore,  additional  investment.  Sometimes  an  engine 
with  a  small  water  rate  can  be  installed  without  any  increase 
in  boiler  or  condenser  capacity,  whereas  a  cheaper  engine, 
which  would  otherwise  be  satisfactory,  would  require  the 
purchase  of  additional  equipment  because  of  its  higher  water 
rate.  (5)  Fuel  cost  determines  whether  a  low-water-rate  engine 
is  economically  preferable  for  a  given  service.  Where  fuel 
is  very  cheap,  as  in  saw  mills  and  coal  mines,  the  higher  first 
cost  of  an  economical  engine  may  not  be  justified  by  the  small 
fuel  saving. 

Note. — In  Selecting  The  Proper  Boiler  Pressure  For  A  New 
Plant,  the  soundest  plan  is  to  find  the  unit  cost  of  energy  (Sec.  447) 
for  different  assumed  boiler  pressures  and  the  correspondingly  different 
engines  and  boilers.  That  pressure  is  then  chosen  which  provides  the 
least  unit  cost.  Generally  speaking,  high-pressure  boilers  are  more 
expensive  in  fixed  and  operating  costs  than  are  low-pressure  boilers. 
Nevertheless,  engines  operated  on  high-pre**"'**  ****m  are  always  more 
efficient  than  those  operate'"  *d,  usually,  the 
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ed  charges  are  less  for  the  engine  which  is  operated  on  high-pressure 
»m.  The  boiler  pressure  should  therefore  be  as  high  as  is  practical 
th  the  engine  which  is  best  suited  to  the  plant;  maximum  permissible 
assures  and  superheats  for  the  engines  of  the  different  types  are  given 
Table  428. 

452.  The  Operating  Characteristics  Which  Affect  The 
slection  Of  An  Engine  are:  (1)  The  load  curve  of  the  plant 
"ig.  492).  The  load  curve  of  the  plant  is  the  graph  which 
ows  the  variation  from  time  to  time  of  the  required  total 
giae  output.  A  load  curve  might  be  plotted  for  any  par- 
:ular  engine;  from  this  graph  can  be  read  the  portion  of  the 
tal  time  that  the  engine 
dst  carry  its  rated  full  load 
d  other  fractional  loads. 
iese  portions  of  time  deter- 
ine  to  a  large  extent  whether 
e  engine  should  have  good 
onomy  or  not.  For  ex- 
lple,  if  an  engine  is  to  be 
erated  a  great  portion  of 
e  time  at  only  one-fourth 
i  rated  capacity,  then  it 
ould  be  selected  on  the  basis  of  its  steam  rate  at  one- 
urth  load  rather  than  the  basis  of  its  full-load  steam  rate, 
kewise,  if  an  engine  is  to  stand  idle  for  a  great  portion  of  the 
me,  since  its  fixed  charges  continue  while  it  is  not  in  opera- 
Mi,  the  operating  charges  may  constitute  but  a  small  fraction 
its  total  annual  cost;  hence  its  water  rate  is  of  relatively  little 
lportance.  (2)  The  life  of  the  engine.  If  an  engine  is  to  be 
led  continuously,  its  life  will  of  course  be  shorter  than  if  it 
ere  used  but  little.  However,  the  life  of  an  engine  is  frc- 
lently  assumed  to  bo  the  same  regardless  of  its  service 
:cause  it  gradually  becomes  useless  although  it  may  not  be 
earing  out,  see  Sec.  443.  (3)  Other  engines  in  the  plant.  If 
plant  is  already  equipped  with  some  engines,  additional 
lgines  which  are  to  be  installed  should,  unless  some  other 
moderation  is  more  important,  be  of  the  same  make  ar  ' '  '  ' 
t  the  older  engines.  This  will  insure  a  better  undei 
fall  engines  and,  if  the  new  and  old  engines  are  exac 


Fio.  40Z.— Daily  load  curve  to 
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a  reduction  in  the  number  of  repair  parts  which  must  be 
stocked. 

Note. — The  "Load  Factor"  Op  A  Plant  may  be  taken  as  the  ratio 
of  itu  daily  average  power  output  to  the  maximum  load  which  it  must 
carry.  The  daily  average  power  output  is  found  by  first  computing  the 
total  daily  energy  output  (kw.  hr.  or  h.p.  hr.)  and  then  dividing  this  value 
by  the  number  of  hours  in  the  day.    Stated  as  an  equation: 

Average  power  output 


(05) 


Load  factor 


Maximum  power  output 

Example. — If,  in  Fig.  492,  the  average  power  output  is  found  to  be 
432  kw.,  what  is  the  load  factor?  Solution. — Since,  in  Fig.  492,  the 
maximum  load  on  the  plant  is  750  kw.,  load  factor  =  432/750  =  0.58 
or  58  iter  cent. 

453.  Engine  Sizes  Should  Be  Selected  To  Suit  The  Load 
Curve,  whore  such  procedure  is  economically  feasible. 
Imperially  in  large  plants,  where  a  number  of  engines  are 
required  to  carry  the  maximum  power  output,  the  engines 
may  Ix*  so  selected  as  to  size  that  at  no  time  is  any  engine 
operating  at  a  small  fraction  of  its  rated  load.  This  can  best 
lx»  illustrated  by  an  example. 

Kxamim.k.-  -1-et   graph  .4,   Fig.  493,  represent  the  load  curve  of  a 

contemplated  plant.     It    is  desired   to  equip  the  plant   with  engines 

1IV.  to  suit  the  load  curve.     It  is  evi- 

1     ■  •  •  -— "  *    '     dent    that,    from    midnight   to  5 

a.m.,  a  500-h.p.  engine  will  earn' 
the  load.  It  is  also  evident  that. 
from  S  a.m.  to  5  p.m..  the  load  can 
be  carried  by  engines  aggregating 
2500  h.p..  whereas  the  maximum 
load  during  the  day.  which  occur? 
in  the  evening,  can  be  carried  ■■>" 
•    ...  ,.  3000    h.p.    of    encines.     Sf-pWf- 

V:».    «*.».*     s- .'»■".< -f:w-.x:  .••  »-;vr»:::-js     then,     that     the     riant     w:"_l    *< 


«■:*>*■**.■"» 


*    equipped  with   the   fcCwiza:  «- 
cir.es :  Or.e  o*X*-h.r> .  oc*  :•»>£  r  • 
ar.d    two    I'^:-  *o       ^r.e  as  a  star.^-ry  or  cn.-errcr.*y  *-zxirj?       Tb?a 

orvrst;vL  Krvtr.  5  a  :v  v  S  Am  ;r_Iv  •;.-•-  :>»>?. 
er.£;  r.o  «.".".  rv  \<>v.eu  rrvrr,  >  a.:r.  to  o  p.rs,  on?  !^'i>i :  iii  tbf 
lv»^r  *o  cr^.-.c  ,*ar.  Nr  ustttL  From  5  p.m.  to  10  p.=.  ti*  rw:  I,Yi> 
>.  r    ,-r  .m:c  :.VV^.  p.  uxprtfr**  -  ittw  «*»»  i*Z  r*rr? 


er.<  -c 


:.V  *as.:      Frv*a  10 


^ 
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suffice:  At  11  p.m.  the  500-h.p.  one  can  be  stopped,  the  load  until 
midnight  being  carried  by  the  large  engine.  Thua,  at  no  time  is  any 
engine  operated  under  a  email  fractional  load.  Still,  the  plant  can  be 
operated  at  all  times  with  any  unit  out  of  service. 

454.  The  Selection  Of  An  Engine  For  A  Given  Service 
involves  a  computation  of  the  unit  energy  costs  for  those 
various  engines  which  seem  to  suit  the  plant  requirements 
with  regard  to  horse  power,  speed,  operating  conditions  and 
plant  characteristics,  as  these  requirements  are  outlined  in 
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FlO.  494.— Approiir 


the  preceding  sections.  After  the  unit  energy  costs  of  the 
various  engines  have  been  computed  (or  their  annual  costs, 
see  example  under  Sec.  446),  the  selection  can  be  readily  made. 
In  making  rough  estimates  as  to  engine  cost,  the  data  given 
in  Sec.  338  will  be  found  valuable.  The  water  rates  of  engines 
as  given  in  Div.  11  will  also  be  found  useful  incstimating 
operating  costs.  Attendance  costs  may  be  taken  from  Fig. 
494  or  from  a  similar  graph. 

466.  A  Useful  Chart  For  Selecting  An  Engine  is  shown  in 
Fig.  495.     Each  black  space  in  the  chart  indicates  that  thr 
type  of  engine  on  that  line  is  not  welt  suited  to  the  conditio 
of  its   vertical   column.     A   shaded    (cross-sectioned)    spai 
3  that  the  engine  type  of  that  line  is  some'" 
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for    the    condition    of  that   vertical   column.     Wbfl 


Indicate  good  practice. 


to  bo  remembered  that  such 
chart  can  only  be  an  aid  i 
Belecting  an  engine  and  should 
nut  he  relied  upon  to  pW  the 
final  choice.  The  final  choJw 
should  in  all  cases  be  mufe 
only  after  a  careful  study'1' 
unit  energy  costs  fur  (K 
different  engines  (Sec.  4M) 
which  may  be  employed  for 
the  condition  which  Is  imd81 
consideration.  Fig.  490sliows 
how  to  use  the  chart. 

456.  Steam-Engine    Pet 
formance     Guarantees    (1 
197  i  arc  usually  inch 
thrspeciticatir 


facturers    SIT 
price  prop* 
engines.     Tin-  performance  guar  ant' 
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ALUS-CHALMERS  MANUFACTURING  COMPANY 

MtlWAUKCL  WUCOWIWi  U.  ft.  A. 


3PIGAT109UI  POft 

ALUS-CHALMERS  HORIZONTAL  SIMPLE  CORLISS  ENGINE 
For_     unu**  Stafs  MfK,  Company. 


These  specification*  form  part  of  proposal  dated iaP.U»ry  lit,   19ggjt- 


Cylinder  diameter.. 


.12- 


.inchef,  stroke. 


„£4_ 


Jnchei. 


Revolution*  per  rainatt-. 


-15Q_ 


Steam  prcMurt  at  throttle  valve 

Superheat  at  throttle  vahre Zax£ 

Back  pressure  at  exhaust  noetic 

Vacuum  at  exhaust  nozzle 


._  _150 


pounds  gauge. 


degrees  Fah.  above  temperature  of  saturated  steam. 

Is . . —  pounds  gauge. 

lnnj».Con AtM lng inches  of  mercury.      (*»£Lrt«ar') 


Engine  to  be  designed  to  operate  (Condensing  or  Non-condensing)  _  BoilrCojiftaxlsJ 
Engine  to  he  (Right  or  Left) LaXt hand. 


Direction  of  rotation  of  wheel  (Over  or  Under) Ultdtr  . 

Direction  of  drive  ( Away  from  or  Back  by  cylinders)  AwajL 

Crosshead  Pin.  diameter JJ* . inche*,  length 

Crank  Pin,  diameter 4t inches,  length—    _ 

Main  Bearing,  diameter — .7. . inches,  length . 


diainctcr. 


.mches. 


4* 

.a* 

_13_ 


-inches, 
-inches, 
-inches, 
-inches. 


Wheel,  diameter 10. feet.    Approximate  weight- -690Q .pounds. 

Wheel  f»ce_fcl inches.   Type  of  wheel  (Belt,  Rope  or  Square  rim) Belt 

Wheel  to  be  crowned  for  belt  of  following  width lfl!*. 

Wheel  to  be  grooved  for_. ropes  _.. inches  diameter. 


Weight  of  heaviest  piece  of  engine,  approximately. 


j&aaa. 


iBMtaalT*  at  •*•■«) 


Width  and  Height  of  largest  piece  of  engine,  approximately 32. inches  x 35_ 

Service  (What  will  the  engine  drive  and  how  will  h  be  connected?) . 

BalitA-tO-Una .  Shaft 


pounds, 
—inches. 


If  the  engine  is  to  drive  an  electric  generator  the  following  blanks  must  be  filled  in. 

GENERATOR Kilowatts  at %  Power  Factor  ( K.  V.  A.) 

. Current. Cycles. Phase. Volts, . — R.  P.  M. 


Is  parallel  operation  required- 


Generator  will  be  furnished  by- 
Exciter  will  be  furnished  by — 
How  is  exciter  to  be  driven 


STEAM  CONSUMPTION— This  unit  when  operating  under  conditions  stated  on  Page  S  of  these 
speci6catioas  will  require  not  to  exceed  the  following  pounds  of  steam  per  hour : 


LOAD 
Foil  Load 

Three-quarter  Load 

One-half  Load 125 


POUNDS  STEAM 

21*8 „Per 

__2CL.8 Per 

...  82.1  Per 


-I.  H  P 
— 1  H  P. 
—I  H.  P. 


A  tolerance  of  2%  from  figures  given  must  be  allowed  for  errors  in  obser- 
vation and  measurements. 


Fxa.  407. — Manufacturer's  typical,performance  specifications  for  a  simple  non-condens- 
ing Corliss  engine. 
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AIUS-CHAIMER9  MANUfACTURINOCOMPAIfY 


p«...Mth  HQA.Jaam.Mimt!mktarlNL 

of 


4^        ■frtaraj-nr  lat.  MM. 


High 


St 


rt  throttle 

■I  HMtfM  IWLw 


1M. 

.1GQ.. 


.CflodMiiat- 

ElpN  to  M  designed  lO  Operate  (COUOCMUIg  OF  N0O>4OOOMwlf  ) 

High  aresewre  side  to  he  (Right  or  Left) SUfel 

Dinette*  of  rotation  of  wfcori  (Om  or  Under) QT»X._. 


..SraA«Minc. 


Dtrtctkw  of  drive  (Away  (row  or  Back  by  cylinders)  _»_ 

Croeebead  Pma,  diameter it inches,  length  _ 

Craok  Pins,  diameter • inches,  length ... 

Mate  Bearings,  diameter 14 met**,  leofth  ... 

Wheel,  diameter.....  14. —  feet    Approximate  weight. 

Wheel  face-... .. 


m...m MtOICS  CuflMtCTa 


48 


A) 

JHBOQO. 

Inches.   Type  of  wheel  (Belt,  Rope  or  Square  rim) HMX*-IiM.. 

Wheel  to  be  crowned  for  belt  of  following  width— , 

Wheel  to  be  grooved  for — _ ropes..- ~— -.....■ 

Weight  of  heaviest  piece  of  engine,  approximately l.QQftL^ 

Width  and  Height  of  largest  piece  of  engine,  approximately--  46 -inches  x .      _ 

Service  (What  will  the  engine  drive  and  how  will  it  be  connected?) 

Plrtot  QQ_in«ot«A...to  .500  Xvj,  alterj»tin«  ourront  g»n«ratQr. 

II  the  engine  it  to  drive  an  electric  generator  the  following  blank*  mutt  be  filled  in. 

GENERATOR-. 409 Kilowatu  at ........  $0..„%  Power  Factor  (_.  590. ...  K.  V.  A.) 

..  Alternating Current &>...  .Cydea,.-.-! Phase... .4®?  .Volts.. .  ?  *° R.  P.  M. 

It  parallel  operation  required T*B „_ „ _ 

Generator  will  be  furnished  by.     This  ooaspany  

Exciter  will  be  furnished  by .TJ»lB  OOtapan/ _... 

How  it  exciter  to  be  driven. »».l *.•«.. to. .Wll«T..  °n  •Mlnf.  Jh*ft_ 

STEAM  CONSUMPTION— This  unit  when  operating  under  condition*  stated  on  Page  S  of  these 
specifications  will  require  not  to  exceed  the  following  pounds  of  steam  per  hour: 

LOAD                                                         POUNDS  STEAM 
Full  Load  .    *00     (640)       K  w^,  „  pj    W-5 (l-.ft)   p„  K  w^j  H  P) 

Three-quarter  I.©*d     300      ( 493  >     .  K.  W.-<  I.  H.  P.) .  *\  •.© *  **  »7  L.Per  K.  W.-(  I.  H.  P.) 

One-half  Load  20°      (  550 »        ^  w _< ,  „  p)    g}.$ t. l). })_•--  K  w M |  R  p) 

NOTE— A  loterance  of  2%  from  figures  given  ramst  ht  astenmi  toT  -new  m 
vat  ion  and  measurements. 
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specification  form,  constitute  what  is  called  a  performance 
item,  In  a  performance  guarantee,  a  manufacturer 
will  usually  agree  that,  under  certain  operating  conditions, 
his  angtne  will  have  certain  water  rates  at  full  load  and  al 
eertain  fractional  loads.  The  graphs  of  Fig.  498  represent 
a  manufacturer's  guarantees.  The 
purchaser  may,  in  the  contract, 
demand  that,  if  the  guarantees 
are  not  fulfilled  in  an  acceptance  "£" 
teat,  either  he  will  not  accept  the 
engine  or  that  the  price  shall  be  |u 
proportionately  decreased  to  pen- 
alise the  manufacturer  for  failing  ^'^"'m0'?!"11^ 
to  meet  his  guarantee.  If  a  penalty  „,„,.,„  (l„  ,  1„„n.1«  m«io4  *Mih 
i-  stipulated,  the  manufacturer  will  '•*  1o  of"11'''  uu  ■*•**  »l  iwifc 
often  demand  (and  is  entitled  to}  uut-oesduutai.  walwl  ""  beak 
a  proportionate  bonus  or  increase  i"™^  "nd  "h*"  ««d«iAi*  leu 
in    price    if    the    acceptance    test 

should  show  better  results  than  were  specified  in  t In- 
guarantee. 

Nova.— Tax  Acciptancx  Tew  may  be ducted  in  the  manafae- 

lurer's  factory  in  the  presence  of  the  purchaser's  rspluMUtative,  or  after 
the  engine  is  erected  in  the  purchaser's  plant..  If  then  should  be  any 
doubt  iif  ol.tuining  the  specified  operating  conditions  during  the  accept- 
ance test,  the  contract  may  be  made  to  include  the  basis  of  nam ■line 
the  test  results  to  the  specified  conditions.  To  insure  that  the  corri-c- 
ii"ii-  will  he  properly  rnade,  manufacturers  frequently  urc  required  to 
state  their  guarantees  for  a  wide  variety  of  operating  conditions  of  which 
one  is  certain  to  approximate  the  expected  conditions  of  the  test. 

Note.— To  CoRHECT  Test  I(i.m  i.ri  To  Standard  Oh  SnoORBB 
Covuitions — sw  following  illustrative  exiimpli —  tie-  following  approxi- 
mate rules  may  l>e  used;  (II  For  each  pound  difference  in  initial  pres- 
Wn,  correct  the  steam  consumption  by  from  0.1  to  0.2  per  cent.  (2) 
For  each  10  di'g.  of  superheat,  up  to  100  deg.  of  superheat,  correct  the 
•it en m  eoiisninption  by  1  per  cent.  (3)  For  each  inch  of  vacuum, 
between  24  and  28  in.  of  mercury,  correct  the  steam  coii.siiniiiii.ni  by 
■ 

—An   engine  acccpliincc  tesl    -hows  a   steam   consumption 
rl  of  22  II i    per  i.h.p.   hi.      The  actual  operating  cuiidil  ion- 

Iptre   100  Hi.  per  sc].  in.;  superheat  50  deg.   fahr.;  vi 

,ercui->-.     What  would  ho  the  approximate  ateal naui 

|  load  I  '  i  load)  with  sloain  at  175  lb.  per  Bq    in  .  mpei 
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75  deg.  fahr.,  and  with  a  vacuum  of  25  in.  of  mercury?  Soumoi?.— 
Applying  a  correction  of  0.15  per  cent,  for  each  pound  of  pressure: 
Correction  for  pressure  -  0.15  X  (175  -  160)  -  2.25  per  cent  Super- 
heat correction  -  1  X  (75  -  50)/ 10  -  2.5  per  cent  Vacuum  comctim 
-  0.5  X  (27  —  25)  -  1  per  cent  Now,  since  steam  oonaamption 
decreases  with  increased  pressure,  higher  superheat,  and  increased 
vacuum,  the  net  correction  =»  1  —  2.5  —  2.25  -  —3.75  per  cent  Or,  the 
required  steam  consumption  «  22  -(0.0375  X  22)  -  21.2  Jb.  periXp.hr. 

467.  Things  Which  Should  Be  Specified  When  Requesting 
A  Quotation  On  A  Steam  Engine  are  as  follows:  (1)  Size— give 
bore  and  stroke  desired  or  horse  power  required.  (2)  Type- 
vertical  or  horizontal;  simple,  tandem-  or  cross-compound; 
uniflow  or  counterflow;  center  crank  or  side  crank;  if  side 
*-.       amtf  ^    crank,   whether  right  hand  or 

\?s*tt ^^^^\^^\    left   hand.    (3)    Speed— normal 
B*ck»*Td  ^^^J1*^^}    speed  or  limits  between  which 

speed   must  be  varied.    (4) 

Steam  pressure   (and  superheat 

Ai>w////m/y//////^/w////^^//////^/    if  any)  upon  which  the  engine 

Fio.  499.— Illustrating  meaning  of  "belt    is     to      be      Operated.       (5)     Goih 
forward"  and  "belt  backward."  emOT— throttling  Or  CUt-Off.     (6) 

Valve  type — whether  slide,  piston,  Corliss  or  poppet.  (7) 
Back  pressure  or  condenser  vacuum  which  will  be  maintained. 
(8)  Water  rates  desired  at  full  load  and  at  fractional  loads.  (9) 
Speed  regulation — allowable  variation  in  speed  from  full  load 
to  no  load  due  to  sudden  or  gradual  changes  in  load.  (10) 
Drive — whether  by  belt,  rope,  or  direct-connection.  (11) 
To  run  over  or  under.  (12)  Belt  or  rope  forward  or  backward 
(Fig.  499) — if  for  belt  or  rope  drive.  (13)  Foundation  plan— 
if  space  is  restricted  specify  space  limits.  (14)  Base— 
whether  desired  or  not.  (15)  Accessories  desired  with  engine 
— electric  generator,  condenser,  lubrication  system,  foundation 
anchor  bolts,  etc.  (16)  Freight — state  whether  manufacturer 
shall  pay  freight. 

Note. — If  An  Electric  Generator  Is  To  Be  Furnished  Wrra 
The  Engine,  the  generator  should  be  fully  specified.     The  voltage,  fc*£^J 
characteristics,  number  of  phases  and  wires,  frequency,  method  ** 
tion,  whether  exciter  and  exciter  belt  and  pulleys  are  to  h* 
and  other  electrical  accessories  which  are  required  should  h 

Note. — If  A  Pumping  Engine  Is  To  Be  Furnishe 
discharge  pressure,  suction  head,  and  Dioe  sizes  should 
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QUESTIONS  OK  DIVISION  II 


i  are  selected?     Define 


1.  What  factor  ibould  form  the  hui  upon  wl 

t.  Define  find  charge:     Tall  what  coata  are  considered  aa  Died  charges? 

*.  Br  what  approximate  rule  may  filed  charges  be  computed  ?  What  percentage  of 
the  fint  coat  an  the  fixed  charges  in  the  example  of  Sec.  M8? 

I.  Why  mint  intermit  be  considered  a*  a  fixed  charter     Whet  rate  is  usually  used? 
•.  Why  must  rest  be  always  considered  M  a  fired  charge?     If  a  company  owna  its 

I.  How  may  insurance  and  tax  rates  be  determined? 

t.  Explain  fully  why  depreciation  must  be  considered  as  a  fixed  charge.  What  is  a 
•intina  fundt 

t.  What  are  the  customary  depreciation  rates  for  steam  engine?  Explain  the  use  of 
a  sinking  fund  table.     What  is  the  wlraigkt  line  method  of  computing  depreciation? 

largest? 

II.  Define  total  annual  ant.     How  is  it  related  to  the  cost  per  unit  of  energy? 
It.  Explain  fully  bow  the  horse  power  of  a  contemplated  engine  is  decided  upon. 

11.  What  consideration  must  be  given  to  engine  speed  when  making  a  selection? 
Whyt 

14.  What  influence  do  operating  conditions  have  on  the  selection  of  an  engine? 
Explain  fully  and  give  the  reasons. 

11.  What  operating  characteriatics  must  be  consider. 
do  they  affect  the  unit  coat  of  energy  ? 

II.  Explain  the  use  of  the  chart  of  Fig.  495  for  aelei 


Ho. 


'.  What 


e  par/sr. 


they  useful? 

than  those  of  the  tost? 

It.  Write  a  sample  leto 
may  be  deairahle  for  the  i 
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at  H  load— 23.0  lb. ;  at  H  toed— 23.0  lb. ;  at  f ull  bed— 28.0  lb.  per  Lh.p.  hr. ;  at  1 H  !«•*- 
24.0  lb.  The  uniflow  steam  rates  are:  at  H  load — 20.3  lb.  per  i.h.p.  hr.;  at  H  k*d~ 
10.6  lb.;  at  H  load— 10.6  lb.;  at  full  load— 20.1  lb.;  at  1H  load— 21.0  lb.  The  cost  of 
steam  is  60  ct.  per  1000  lb.  Other  operating  easts  amount  to  61.60  per  hour  of  service. 
The  plant  is  to  operate  300  days  per  year.  Fixed  charges  may  be  taken  at  16  per  cent. 
of  the  total  first  cost  of  the  engine.  If  the  load  curve  of  the  plant  is  as  shown  in  Fig.  500, 
find  the  unit  energy  costs  for  eaoh  of  the  engines. 

4.  If  in  Prob.  3  either  another  uniflow  engine  or  a  Corliss  engine  would  be  Meessiy 
as  a  stand-by  unit  which  would  probably  be  operated  16  days  oat  of  the  year,  which 
would  it  be  wise  to  install  7  What  would  be  the  unit  energy  cost  of  the  protection 
against  shut-down? 


DIVISION  16 
STEAM-ENGINE  LUBRICATION 

468.  The  Purpose  Of  All  Lubrication  Is  To  Reduce  Friction. 
Friction,  it  is  known,  causes,  enormous  financial  losses  in 
plants  where  machinery  is  employed.  These  losses,  of  course 
cannot  be  entirely  prevented;  but,  in  many  cases  they  can 
be  very  greatly  reduced  by  the  careful  selection  and  use  of 
lubricants.  Before  attempting  to  discuss  problems  of  lubrica- 
tion it  may  be  well  to  study  the  causes  and  effects  of  friction 
in  machine  or  engine  bearings. 

469.  Friction  Is  A  Force  Which  Resists  The  Motion  of 
one  body  or  particle  over  another  body  or  particle  with 
which  it  is  in  contact.  There  are,  briefly,  three  forms  of 
friction:  (1)  Rolling  Friction  Between  Solids  (Fig.  501),  aa 
in  a  ball  or  roller  bearing.  (2)  Sliding  Friction  Between 
Solids  (Fig.  502),  as  in  a  plain  bearing  or  between  a  piston  and 
cylinder.  (3)  Fluid  Friction  Between  The  Particles  Of  A 
Fluid  {Fig.  503),  as  with  water  or  steam  flowing  in  currents. 

460.  Rolling  Friction  Between  Solids  &**»,,•*«*« 

may  be  explained  by  a  consideration  of 

the  microscopic  structure  of  the  solids,     '£"< 

Fig.    501.     The  surfaces  of  all  solids     *  "■ 

are   known   to   be   covered   with  very 

small    projections    and    depressions   :is 

shown.     When   one    body   rests   upon    ^~- 

the   other,  these  projections  interlock 

partly  and  prevent  motion.    Should  an    ,^''';h*"  ^""i"' 

attempt  be  made,  however,  to  roll  the    roller  in  roiling  conn, 

one  on  the  other  as  shown  in  Fig.  501 ,    lin,"n"  "ul"' 

ipper  body  will  have  to  be  raised  slightly  as  it  is  i 
projection  and  will  then  fall  again.     Its  mover 
b  along,  will  consist  of  a  scries  of  rises  and  falls, 
the  body  will  travel  a  zig-zag  line  as  s 
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too,  the  rolling  body  will  be  slightly  "flattened  out"  where  it 
touches  the  other  body  (as  occurs  with  a  partially  inflated 
automobile  tire).  This  flattening  out  is  accompanied  by  a 
movement  between  the  particles  which  compose  the  body. 
This  movement  is  again  resisted  by  internal  forces  between  the 
particles.  Hence,  this  resistance  comprises  the  rolling  friction 
betweon  the  bodies. 


Note. — "Wear"  Is  The  Result  Of  The  Breaking-Oft  Of  Thi 
Projections,  Fig.  501.  If  only  the  projections  were  broken  off,  one 
might  imagine  that  eventually  the  outline  of  the  body  would  be  a  smooth 
curve;  but,  wherever  a  projection  breaks  off,  a  depression  is  formed  in 
its  place  leaving  the  material  adjacent  to  the  original  projection  so  that 
it  forms  a  new  projection. 

461.  Sliding  Friction  Between  Solids  (Fig.  502)  is  similar 
to  rolling  friction.  The  chief  difference  between  the  two  is  in 
the  number  of  small  projections  (on  the  contact  surfaces) 
which  are  interlocked.  In  sliding  friction,  the  areas  of  the 
contact  surfaces  are  large,  whereas  in  rolling  friction  they 
are  usually  microscopic.  With  sliding  friction  (Fig.  502), 
as  with  rolling  friction,  the  two  bodies  must  be  separated 

slightly  from  one  another  as  they  move 
one  upon  the  other.  But  in  sliding  fric- 
tion this  separation  is  effected  against  the 
action  of  the  forces  which  tend  to  hold  the 
bodies  together.  Now,  since  the  force 
which  tends  to  slide  the  bodies  one  on  the 
other  must  separate  them  against  the 
action  of  forces,  it  is  obvious  that  it  must 
do  work  to  effect  sliding. 


Force, 


^A  MotlonOf      4 
j|       PieceX"  „  i 


■  1 

Force  ^ 


Fio.  502. — Magnified 
section  of  two  solids  in 
sliding  contact  without 
lubrication. 


Note. — The  Force  Required  To  Slide  One  Of  The  Bodies  On 
The  Other  is  the  force  required  to  overcome  friction.  The  resistance 
which  one  of  the  bodies  opposes  to  sliding  on  the  other  is  sliding  friction. 


462.  Fluid    Friction  Between 
may  he  explained  by  a  study  of 
flowing  through   a   pipe   (Fitr 
show  that  this  velocity  is  not 
ci'oss-section  but  that  it 


"-tides  Of  A  Fluid 

I  when 
tents 


.   MS] 
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i   point  i  in  Iii, 


minimum  at  the  wall.  In  fact,  no  accurate  measurement 
can  be  made  exactly  at  the  wall  of  the  pipe  and  it  is  very 
probable  that  there  the  velocity  would  lie  zero.  The  velocity 
at  any  point  on  a  diameter  ab,  Fig.  503,  is  represented  graph- 
ically by  the  distance  from  ab  to  the  curve  ty.  New,  .-inee 
the  velocity  is  not  the  same  at  any  two 
adjacent  points  on  any  diameter  as  ab,  it 
is  evident  that  adjacent  particles  of  the 
flowing  liquid  will  be  moving  upon  one 
another.  Thi3  movement,  however,  is 
restated  by  internal  forces  between  the 
particles  of  the  fluid.  The  total  resist- 
ance comprises  the  fluid  "friction"  in  i 
the  pipe.  In  other  words,  fluid  friction  e™*"" 
ia  the  resistance  offered  by  one  particle  of  a  fluid  to  the  sliding 
over  it  of  another  particle  of  the  fluid.  In  general,  fluid  fric- 
tion is  very  much  less  than  sliding  or  rolling  friction. 

463.  Fluid  Friction  Replaces  Sliding  Friction  when  a  fluid 
is  introduced  (Fig,  504)  between  the  sliding  surfaces  of  two 
solids  and  kept  there.  The  fluid  adheres  to  each  solid  in  sulli- 
cient  quantity  to  separate  the  solids  and  thereby  prevent  the 
projections  of  one  from  interlocking  with  those  of  the  other. 
The  fluid  then  divides- — some  of  it  moves  with  one  solid  and 
some   with    the  other.     The  fluid  can  be 

r|  wgtian  \\     thought  of  in  layers  which  slide  upon  one 
i^_-^_\J^_J      another  with    fluid  friction.     The  amount 
t.-;"      it    Jt     ')      nf  thud    friction    will    depend    uti    the    fluid 
^     used.     The  advantage  of  thus  .substituting 
fluid   friction   for  sliding  friction  !>etweeu 
the  solids  is  thnt  the  net  amount  of  friction 
is  thereby  greatly  reduced  and  "wear"  is 
practically  eliminated. 
.  The  Reason  Oils  Are  Used  Between  Bearing  Surfaces 
I  they  possess  the  two  properties  most  necessary  for  a 
e  fluid:  (1)    .1   hrarhuj  fluid  must   "wet"  the  surfaces! 
Mist  adhere  to  the  surfaces  strongly  enough  that 
'ivide  into  layers,  some  of  which  will  travel  v 
*ting  solids.      [2]    It   luusi  "stand  up",   that 
cling  together  st  rongly  enough  t' 
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• 

will  not  be  squeezed  out  under  the  action  of  the  forces  between 
the  solids  (Fig.  504)  which  tend  to  press  the  solids  together. 
These  properties  are  respectively  termed:  (1)  Adhesion 
and  (2)  cohesion  and,  together,  are  called  "body."  They  are 
present  in  different  oils  to  varying  extents.  The  significance 
of  "body"  in  the  selection  of  lubricants  for  specific  purposes 
is  discussed  in  Sec.  465. 

Example. — Water  Has  Great  Adhering  Properties  but  lacks  the 
clinging.  Mercury  again  exceeds  in  cohesion  but  lacks  adhesion. 
Hence,  neither  of  these  liquids,  would  make  a  good  lubricant. 

466.  The  "Viscosity"  Of  A  Liquid  is  a  measure  of  it* 
internal  fluid  friction  or  its -resistance  to  flow.  A  high- 
viscosity  oil  is  "thick"  and  flows  slowly.  A  low-viscosity 
oil  is  "thin"  and  flows  readily.  The  viscosity  of  an  oil  is 
usually  measured  by  finding  the  time  required  for  a  certain 
amount  of  the  oil  to  flow  through  a  small  tube.  Besides  being 
a  measure  of  its  fluid  friction,  the  viscosity  of  an  oil  is,  to  a 
certain  extent,  a  measure  of  its  body.  See  Sec.  472  for  a 
method  of  measuring  viscosity. 

Note.-t-The  Viscosity  Of  An  Oil  Changes  With  Its  Temperature, 
decreasing,  for  any  oil,  as  the  temperature  of  the  oil  is  raised.  It  U 
essential,  therefore,  that  one  know  the  viscosity  of  an  oil  at  the  tem- 
perature at  which  it  is  to  he  used. 

466.  Lubricants    May   Be    Grouped  Into  Three  Classes, 

namely:  (1)  Solids.  (2)  Semi-solids.  (3)  Oils.  Each  class  will 
be  discussed  separately,  with  its  uses,  in  the  following  sections. 

467.  Solid  Lubricants  Are  Occasionally  Used  to  smooth 
out  bearing  surfaces  by  filling  the  small  depressions  (Fig.  501). 
Graphite,  talc,  soapstone,  and  mica  are  solids  which  have 
lubricating  uses.  A  small  percentage  of  the  solid  lubricant 
is  usually  mixed  with  a  semi-solid  lubricant  and  the  mixtojt 
is  then  fed  to  the  bearings.  Sometimes  solid  lubru 
introduced  separately  to  bearings  which  are  ab^ 
with  oil.  Solid  lubricants  cannot  be  squeea 
and  will,  therefore,  often  keep  a  bearing  coc 
lubricant  will.     Experiments  have  sho* 


n 
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after  a  temporary  application  to  an  oiled  bearing,  of  solid 
lubricant  in  powder  form,  the  friction  in  the  bearing  is  greatly 
increased,  but  is  reduced  after  the  particles  have  had  time  to 
attach  themselves  to  the  nibbing  surfaces  and  form  a  smooth 
coating.  The  virtue  of  a  solid  lubricant  lies  in  the  effect 
which  it  has  of  filling  the  depressions  in  the  bearing  surfaces 
Ibemaetvw. 

468.  Semi-Solid  Lubricants  are  those  which  will  not  flow 
at  ordinary  room  temperatures.  They  are  commonly  known 
M  "peases."  They  are  desirable  for  lubricating  beatings 
in  places  where  the  air  is  filled  with  dust  and  grit,  as  in  rolling, 
cement,  and  other  similar  mills.  Greases  are  also  desirable 
in  applications  where  bearings  are  subjected  to  rather  high 
temperatures.  Greases  have  the  property  of  filling  bearing 
cavities  and  thereby  effectively  keeping  out  foreign  matter. 
They  may  also  be  used  in  bearings  into  which  it  would  be 
difficult  to  introduce  oils,  as  in  shaft-governor  and  similar 
irings. 


Note. — Grbaskh  Are  To  Be  Used  Only  Where  There  I*  Son 
(loon  Reason  For  Not  Usinu  Oh.  because  tin-  lubricating  properties  of 
greases  are  poor.  Unless  a  grease  melts  in  abearingit  produces  consider- 
able friction.     If  it  does  melt  it  docs  not  lubricate  as  well  as  an  oil. 

469.  OUs  Are  Of  Three  General  Kinds:  (1)  Mineral 
oils  are  distilled  from  the  crude  petroleums  found  in  many 
parts  of  the  world.  In  the  distillation  processes  a  great  num- 
ber of  grades  of  oil  are  obtained.  (2)  Fixed  (animal  and  vege- 
table) oils  are  obtained  by  rendering  the  fatty  tissues  of 
animals  or  by  pressing  the  seeds  or  fruit  of  plants.  Fixed  oils 
cannot  be  distilled  without  decomposition.  They  are  affected 
ire  or  less  by  the  oxygen  in  the  air  which  causes  them  to 
solid  deposits  or  varnishes.  They  also  decompose,  forming 
which  will  attack  bearing  surfaces.  They  are  generally 
easily  squeezed  from  a  bearing  as  are  mineral  oils, 
they  possess  more  adhesion.  (3)  Compotmdtd  oils 
ures  of  mineral  oils  with  small  percentages  uf  fixed 
munding  a  mineral  oil  improves  its  adhesion  a 
"keiy  In  be  washed  from  the  bearing  by  w*J 
•vlinder);  luit  it  renders  the  oil  i 
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to  gum  and  cause  corrosion  and,  if  the  oil  is  to  be  used  again, 
makes  it  harder  to  separate  from  entrained  water. 

Note. — Methods  Of  Handling  Oil  Barrels  are  shown  in  figs. 
605  and  506. 


Fta.   505.   -Method  at  emptying  o  barrel  of  oil  with 
that  with  thia  arrangement  a  barrel  of  cylinder  nil  can  be  emptied  in  5  min.  and  l  bimi 
ol  engine  or  other  light  oil  in  3  min.     The  air  prenure  ihould  lie  throttled  downanduwd 


470.  Oils  Caii  Be  Tested  For  Certain  Properties  ■ 

may  determine  whether  or  not  an  oil  is  suited  for  a  pa1 
use.     The  most  important  tests  are  for  the  following  i 
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of    an    oil:    (1)    Specific  Gravity,     (2)    Viscosity.     (3)    Flash 

and  Fire  Points.     (4)  Chill  Point.     These  tests  will  be  discussed 

in  following  sections.     Besides  these  a  useful  test  is  one  to 

determine  the  extent  to  which  impurities  are  present  in  the 

oil.     Impurities  can  easily  be  re- 

moved    by     straining     the     oil 

.  liMrmnr 

through  muslin  or  silk  cloth. 

471.  Its  Specific  Gravity  Indi- 

cates The  Source  Of  An  Oil  And       J 

The    Method   Used   In   Its   Re- 

^ 

finement.— The   specific   gravity 

-_ 

of  an  oil  is  the  ratio  of  its  density 

.    .  ■ . 

(at  60  deg.  fahr.)  to  the  density 

4* 

of  water  {at  60  deg.  fahr.).     It 

» 

can  conveniently  be  found  (Fig. 

Gro&afm   tat 

507)  by  floating  a  "specific  grav- 

, 

ity"  hydrometer,  //,  in   a  jar  of 

the  oil  and  reading  the  scale,  S, 

. 

. 

of  the  hydrometer  at  the  level 

of  the  oil.     The  specific  gravity 

of   an  oil  has  no  direct  bearing 

mi      its     lubricating     properties. 

H 

Oill    made    from    asphaltic-basc 

r% 

crudes    will    generally    have    a 

""■"""" 

higher  specific   gravity  than  oils 

~:~ 

<if    a    paraffin-base    crude.     Oils 

■. 

/ 

!  by  acid  will  have  higher 

i 

i 

specific  gravities  than  oils  treated 

m 

t 

■KtijA'i-J  £fxt 

by  filtration. 

472.  For   Measuring  Viscosity 

Of   An    Oil    (Sec.   405),   a    Say-    e^L 

1 

bolt    viscosimcter    (Fin.    508)    is        p,„    w -iiw^i,,,,  .  h„i. - 

usually    employed.     The     reser-    ***.£*  j£  JJ"^*   llt"1",*  "" 

voir,  B,  is  filled  with  the  oil  to    "P"'  ' 

be  tested  until  the  oil    begins    to   overflow  into    C,  and  the 

"Uure  of  ''     Wh,  .1.  is  l.rouglit  to  (hat  at  which  the 

it                     lade.     The  stopper,  I),  is  then  witr 

in    ii    through    the  outlet   tube,   ' 
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glass  is  filled  to  the  mark.  Care  must  be  exercised  that  so 
sediment  or  other  obstruction  collects  in  the  tube,  P.  IV 
temperatures  at.  which  oils  are  tested  for  viscosity  are  usually: 
(1)  Cylinder  oils  at  212  deg.  fahr.  (2)  (Hit fort 
at  104  and  140  deg.  fahr. 


Cup  --    f     .*»>»■  for 
■"  p^ty-p,/  tote  Tnftd 

* c 

"■"*:- 

Both 

:W~ 

,       -     >J.  F  -  ■ . 

Bur 

z> 

ifqqort-     c^'^' 

%>\ZU 

£>\ 

M<i 

<mWZ'"r-'~^f''h7""''*'7 

n.  « 
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th 

bolt 

473.  The  Flash  Point  Of  An  Oil  determines  whether  it  is 
relatively  good  or  bad  for  use  where  at  high  temperatures  it 
contacts  with  air.  The  flash  point  is  the  temperature  atwhich 
the  oil  will  take  fire  from  a  flame  presented  at  its  surface. 

The  "fire  point"  is  the  temperature  at  which  this  fire  at  the 
surface  will  continue  after  the  flame  is  removed.     The  flash 
point  is  determined  by  heating  the  oil  (Fig.  509)  in  a  vessel 
which  is  either  in  direct  contact  with  a  small  flame  or  in  a^| 
bath  of  oil,  and  applying  a  flame  periodically  to  its  surfs 
until  the  oil  takes  fire  at  the  surface.     An  oil  which  will  f 
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low  temperature  is  evidently  not  suited  for  air-eom pressor 
cylinder  lubrication. 

474.  The  Chill  Point  Of  An  Oil  determines  whether  or  not  it  is 
fitted  tor  a  system  where  it  will  be  exposed  to  low  tempera- 
tures.    The  chill  point  is  the  freezing  (or  melting)  tempera- 

of  the  oil.  It  may  be  conveniently  found  (Fig.  510} 
by  freezing  the  oil  in  a  test  tube  with  a  suitable  thermometer. 
(Cold-test  thermometers  are  Bcaled  for 
immersion  to  a  certain  mark  on  the 
stem.)  After  the  oil  is  frozen  the  test 
tube  with  the  frozen  oil  in  it  is  with- 
drawn from  the  freezing  mixture  and  is 
held  in  an  inclined  position  until  the  oil 
begins  to  flow  within.  The  temperature 
at  which  the  oil  begins  to  flow  is  the 
chill  point. 

Note. — The  Melting  Point  Or  A  Grease 
'"■■'.v  be  found  us  above  by  hciiting  tlie  greime 
in  a  test  tube  until  it  begins  to  flow. 

475.  In    Selecting    An   Oil   For   Any    ™*» jj*  «'"""« Mn  "°"'t 
Purpose,   there  are  three   requirements 
which  must  Ire  satisfied:  (1)  The  oil  must  suit  the  mechanical 

Utions  of  the  bearing.     (2)  It  must  auit  the  lubricating  sys- 
(3)  /(  must  not  form  deposits  us  it  comes  in  contmt  with 
various  substances  while  performing  its  functions. 

476.  The  Mechanical  Conditions  Of  A  Bearing  are:  (1) 
77m?  smoothness  of  its  surfaces.  (2)  The  rubbing  speed.  (3) 
The  pressure  on  the  journal  or  bearing.  (4)  The  temperature 
of  the  bearing.  They  affect  the  selection  of  on  oil  as  follows: 
(1)  Rough  sur/«cea  require  oils  of  greater  viscosity  and  body  than 
do  smooth  surfaces  because  rough  surfaces  must  be  kept  farther 

•parated  by  the  oil.  (2)  Bearings  with  high  rubbing  tptd&t 
not  require  oils  with  as  much  body  as  do  those  with  low 
ibbing  speeds  because  the  higher  speeds  work  the  oil  into  the 
ings  faster  and  do  not  give  the  "squeezing"  influence  of 
bearings  as  much  time  to  get  rid  of  the  oil  as  do  low  rubbing 
fds.  (3)  Bearings^/ulvected  to  high  pressures  must  have 
of  comparative'-  niscosity  and  liody  to  keep  the  oil 

being  squee  reas  in  bearing-,  which  ■ 


whic 
cond\ 
lem. 
varic 


k    - 
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under  light  pressures,  a  light-bodied  oil  may  be  used  and 
benefit  derived  by  its  lesser  fluid  friction.  (4)  Oils  for  bearings 
thai  are  situated  in  regions  of  high  temperature  or  for  bearings 
to  which  heat  may  readily  flow  must,  since  oils  lose  their 
viscosity  and  body  as  their  temperatures  are  raised,  be  supplied 
with  relatively  high-viscosity  oils. 

477.  How  The  Lubricating  System  Affects  The  Choice 
Of  An  Oil  can  best  be  understood  by  one  or  two  examples. 
Where,  for  instance,  bearings  are  fed  by  hand,  an  oil  must  be 
used  which  will  hold  a  film  until  the  bearing  is  again  oiled. 
But  where  a  continuous  stream  of  oil  is  fed  to  the  bearings, 
the  oil  need  not  be  of  the  same  quality.  Likewise,  in  a  system 
where  an  oil  is  to  be  cleaned  and  used  over  again,  the  oil  must 
be  one  which  will  separate  readily  from  impurities  which  it  may 
collect. 

478.  Certain  Oils  May  Form  Deposits  when  they  come  into 
contact  with  the  air,  gases,  or  other  substances.  These 
deposit-forming  oils  would,  of  course,  be  unsuited  for  use 
in  places  where  such  deposits  would  be  likely  to  occur,  even 
though  they  may  satisfy  the  mechanical  conditions  of  the 
bearings  and  the  lubrication  system.  In  the  steam  engine 
deposits  are-apt  to  be  formed  by  (1)  water,  (2)  solid  impurtim, 
(3)  the  air  or  by  (4)  adding  new  oil  to  an  old  supply.  Whether 
or  not  an  oil  will  form  deposits  can  best  be  ascertained  only 
after  a  thorough  trial  of  the  oil  in  the  system  where  it  is  tobe 
used. 

479.  The  Selection  Of  Oils  For  Steam-Engine  Lubrication 
can  be  greatly  facilitated  by  the  use  of  the  following  tables 
and  Fig.  511  which  are  from  The  Practice  of  Lubrication 
by  T.  C.  Thomsen.  The  descriptive  terms  applied  to  the 
oils  have  reference  to  methods  used  in  their  distillation  and 
refinement  and  cannot  be  explained  here;  see  Practice  Of 
Lubrication.  The  oiling  systems  referred  to  will  be  described 
in  subsequent  sections.  ^ 

480.  Table  Of  Properties  Of  Circulation  Oils.— All  dnHM 
tion  oils  must  separate  rapidly  from  water.    Circu1 

No.  1  is  a  neutral  filtered  oil.    Circulation  oil  N< 
are  mixtures  of  a  neutral  filfc      *  ~;l  with  fil 
stock. 


Sec.  481] 
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Circulation 

Specific 
gravity 

Flash  point 

(open  cup), 

deg.  fahr. 

Saybolt  viscosity  in 
seconds 

Chill  point, 

oil  No. 

At  104  deg.  At  140  deg. 
fahr.            fahr. 

deg.  fahr. 

1 
2 
3 

0.870 
0.900 
0.900 

395 
410 
425 

135 
265 
500 

70 
120 
200 

20-25 
35-40 
35-40 

481.  Table  Of  Properties  Of  Cylinder  Oils. 


Cylinder  oil 


Saybolt 
viscosity 
at  212°F.. 
seconds 


|      Open  flash 
Specific  gravity  point    deg   fahr 


Filtered 


Dark     Filtered 


Dark 


Cold  test,  deg. 
fahr. 


Filtered 


Dark 


No.  1  filtered 

No.  2  filtered,  No.  2  dark 

No.  3  filtered,  No.  3  dark 

No.  4  dark 


86-105 

0.885 

500 

•   •   * 

1 
40-50 

115-135 

0.887 

0.900 

525 

520 

50-60 

145-165 

0.890 

0.905 

550 

530 

50-60 

180-200 

0.910 

*    •   * 

580 

40-50 
40-50 
50-60 


Note. — Cylinder  Oils  May  Be  Compounded  With  Acidless 
Tallow  Oil,  or  may  be  used  without  compounding.  The  following 
tables  show  their  uses  in  each  state. 

482.  Table    Of   Cylinder  Oil  Grades.— The  uses  of  each 
grade  are  given  in  Fig.  511. 


Grade  of  oil 


Designation 


No.  1  filtered  cylinder  oil,  heavily  compounded  (10  per  cent.) 
No.  1  filtered  cylinder  oil,  lightly  compounded  (4  per  cent.) 
No.  2  filtered  cylinder  oil,  medium  compounded  (6  per  cent.) 
No.  3  filtered  cylinder  oil,  medium  compounded  (6  per  cent.) 
No.  2  dark  cylinder  oil,  medium  compounded  (6  percent.) . . 
No.  3  dark  cylinder  oil,  medium  compounded  (6  per  cent.) . . 
No.  3  dark  cylinder  oil,  heavily  compounded  (10  per  cent.) .  . 
No.  4  dark  cylinder  oil,  medium  compounded  (6  per  cent.) . . 

No.  2  filtered  cylinder  oil,  straight  mineral 

No.  2  dark  cylinder  oil,  straight  mineral 

No.  3  filtered  cylinder  oil,  straight  mineral 

No.  3  dark  cylinder  oil,  straight  mineral 


1  F.H.C. 

1  F.L.C. 

2  F.M.C. 

3  F.M.C. 

2  D.M.C. 

3  D.M.C. 

3  D.H.C. 

4  D.M.C. 
2  F.S.M. 

2  D.S.M. 

3  F.S.M. 
3  D.S.M. 


Flo.  511.— Lubrication  churl  lor  steam  cylinders  and  v.lvra.     (From  PtiengtOl 
LuBMCATtON  by  T.  C.  Thomseo.) 
Nora  I.— For  light-load  condition*  choose  no  oil  slightly  lower  in  viscosity  or  more- 
Nora  2.— With  impure  >!«in  (priming  batten)  a  filtered  oil  should  preferably  be  uied. 

and  with  satunted  steam  preferably  a  compounded  oil. 

Note  3.— When  the  chart  rrcommcuda  more  than  one  grade,  the  one  lowest  in  vir 

eouly  ihould  preferably  be  ehoneii.     W  ben  a  dork  oil  u  well  as  a  filtered  oil  ii  indicate! 

Note  4. — A  straight  mineral  oil  can  always  be  used  in  place  of  the  compounded  oil 
rccoiii  me  ml  I'd  by  the  churl  but  it  means  an  increased  oil  consumption  as  compared  wilti 
a  medium  compounded  oil  of  oO  to  I0O  per  coot.  The  use  of  a  straight  mineral  oil  ia 
place  of  a  ughtly-compouiidcd  oil  or  the  latter  in  place  of  a  heavily-compounded  oil 


N'nrs  5. — Ft HI  lii   l">  per  cent,  uf  compounding  may  l>c  required  in 

Very  vet  steam  in  large  efbrjoat,  Jow-prrsfbre  ttylin-l"*   <■•  fjortfctljar .      *!■>   It- 
Corlit*    roAci   or   unbalanced   ttifir    flfref.      (ct    Very-dirty    ateam,    porEicutarfy 


DSM  end  3  E 


—Ho.  2  FSM  and  3  FSM  will  aeparai 
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Note. — To  Use  The  Chart  Or  Ftu.  511  cut.  a  strip  of  paper  long 
enough  to  extend  across  the  chart.  Then  for  each  of  the  seven  factors 
which  are  specified  along  the  lop  of  the  chart,  make  a  mark  on  the  paper 
in  line  with  the  condition  of  the  engine  to  lubricate.  There  should  he 
seven  marks  on  the  paper.  Then  slide  down  the  paper  until  a  lino  is 
reached  when  no  shaded  spaces  appear  in  the  same  columns  as  Iho  marks 
on  the  paper.     Then  rend  off  at  the  left  the  oil  to  be  used. 

483.  Table  Of  Uses  Of  Bearing  Oils  In  Steam  Engines 
oiled  by  the  gravity -circulation  or  drop-feed  system.  (See 
Sees.  488  and  493.) 


" 


Waybill  t  vis- 

;osity  at  104°I 

seconds 


Circulation  nys 

terns,  engine 
tip. 


No.  4 ...  . 
Nob.  5,  6 


Drop-feed     sys- 
tems, engine  h.p. 


Below  250 

25(1  to  400 

Above  400 

1  Special  cases 


Below  urn 

100  to  250 
250  to  500 
Above  500 


1  By  "Special  Cases"  is  meant  where  the  hearing  pressures  are 
extremely  high,  where  they  have  large  clearances,  or  where  they  arc  so 
situated  that  their  temperatures  are  likely  to  be  high  by  reason  ol  heat 
flow  from  some  nearby  hot  object. 

Note. — In  circulation  systems  or  where  the  oil  is  used  over  and 
over,  a  straight  mineral  oil  must  be  used.  Otherwise  a  compounded 
oil  may  be  used  if  desirable. 

484.  Table  Of  Oils  For  Use  In  Force-Feed  Circulation 
Systems.— (See   Sec.   494   and   Table   480.) 


Engine  si«e 

Circulation  oil  number 

Note. — Some  engines  have,  unusually  heavy  connections  between 
Cylinder  and  the  crank  case  permitting  n  large  amount  of  heal  i" 
down  to  the  crank  case.      For  such  engines  and  where  the  bearings  hi 

.    large  clearances,   engines  below  2,50  h.p.   require  circulation 
oil  No.  2  and  those  above  250  h.p.  require  No.  3. 


rl„. 
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485.  Table  Of  Oils  For  High-Speed,  Splash-Oiled  Engines. 

(See  Tabic  480  and  Sec.  492.) 


Engine  description 


Grade  of  oil 


Percentage 

of  oil  in 

bath 


Small  horizontal  engines1 
(stationary) I 

Small  horizontal  engines  in! 
vehicles | 

Vertical  engines  below  50  h.p.J 

Vertical  engines  50  to  300  h.p. . 
Vertical  engines  above  300  h.p. 


Circulation  No.  1  or  No.  2 
Circulation  oil  No.  3  or  an 

oil  of  even  higher  viscosity 
Circulation   oil   No.   2  or 

cylinder  oil  No.  2  F.L.C. 
Cy Under  oil  No.  2  F.L.C. 
Cylinder  oil  No.  3  F.M.C. 

or  cylinder  oil  No.  3  D.  M.C 


100 

100 
15 
4to6 
4to6 
3to4 
3to4 


486.  Lubrication   Systems  For   Steam  Engines   may  be 

divided  into  two  clasess:  (1)  Systems  for  lubricating  external 
bearings.  External  bearings  are  those  which  are  not  enclosed 
within  the  parts  of  the  engine  which  hold  steam.  (2)  Systems 
for  lubricating  internal  bearings.  The  internal  bearings  of  a 
steam  engine  are  the  piston,  cylinder,  valves,  and  stuffing 
boxes.  Every  engine  will  employ  one  system  of  each  of  the 
above  classes.  The  principal  systems  of  each  class  will  be 
described  and  discussed  in  the  following  sections. 

Note. — Systems  For  External-Bearing  Lubrication  May  Be 
Further  Classified  into:  (1)  Automatic  systems,  in  which  the  oil  is 
repeatedly  used  in  the  bearings  and  needs  replenishment  only  to  make 
up  for  losses  by  evaporation  and  leakage.  (2)  Non-automatic  systems, 
in  which  the  oil  is  used  by  a  bearing  but  once  and  is  then  no  longer 
available  for  lubrication  unless  it  is  collected  by  an  attendant  and 
replaced  into  the  system. 

487.  Lubrication  Of  External  Bearings  By  Hand  is  the  most 
primitive,  wasteful,  and  unreliable  of  systems.  This  system 
should,  preferably,  never  be  used  on  all  parts  of  steam  engines. 
Hand  lubrication  is  that  method  in  which  the  oil  is  applied 
directly  from  an  oil  can  to  the  "lubricated?"  part  or  into  an 
oil  hole  which  is  supposed  to  cond  "«  t.  To 
employ  human  labor  for  the  p*  to 
so  easily  be  performed  autou  * 


,  wasteful.  Next,  the  tendency  on  the  part  of  the  human 
oiler  is  to  flood  each  bearing  with  oil  when  attending  to  it 
Had  then  to  neglect  it  as  lung  as  possible.  Such  attention 
results  in  a  great  waste  of  oil  and  no  great  reduction  in  bearing 
friction,  since  the  bearing  is  nearly  always  in  only  a  senii- 
lubricated  condition — it  is  lubricated  merely  by  what  oil 
has  remained  in  the  bearing. 


Note. — Hand  Oillvo  Is  Sometimes  Satisfactory  Fob  Steam 
k  Bearings  which  have  very  limited  motion  nml  final]  bearing 
For  example,  it  is  frequently  ubmI  for  valve  anil  governor  nieeh- 
t,  for  slow-speed  rocker  arms,  and  the  like.  For  high-speed  large- 
.ring-load  lubrication  it  is  extravagant  nml  unsatisfactory. 
Note. — The  Oil  For  A  Hand-Oiling  System  must  be  one  which  will 
it  readily  flow  out  of  the  bearing.  It  must  "cling"  to  the  bearing  sur- 
fiii-i-s  ami  withstand  their  "squeezing"  action.  Hence,  it  is  essential 
that  it  have  a  high  viscosity  and  great  adhesion.  High  visnwity.  iiguin. 
will  mean  great  fluid  friction  which  further  lessens  the  value  of  the 
ibrieution.  High-viseosity  eonipounded  oils  (Sec.  483)  are  best  suited 
to  hand-feed  systems. 


486.  "Drop-Feed"  Lubrication  Of  External  Bearingsinclutlos 
all  oiling  devices  which  provide  a  regular  feeding  of  oil,  drop 
by  drop,  to  the  bearings.  Drop-feed  oiling  provides  more 
uniform  lubrication  than  hand  oiling  but  has  some  disadvan- 
tages. Generally,  with  it  no  oil-purifying  apparatus  is  em- 
ployed and  the  oil  is  generally  used  once  and  then  wasted. 
Such  use  of  oil  usually  results  in  feeding  just  a  bure  minimum 
of  oil  to  the  bearings  and,  to  keep  down  the  oil  cost,  a  heavy 
oil  is  purchased  and  therefore  friction  is  not  reduced  to  a 
minimum.  Also,  drop-feed  oilers  require  constant  attention 
to  insure  that  they  do  not  run  empty.  They  also  feed  more 
oil  when  rilled  to  the  top  than  when  nearly  drained.  See 
"able  483   for   recommended  oils   for  drop-feed  lubrication. 


-Dk.ic-I  ei,n    Oilers    (Figs.    512    and    513)    Aue    Mot 
a  stationary  (and,  in  some  eases,  moving)  bearings       Mi-ilmds 

t   oil  from  "ili'i-  I \  ih^  ihniiir  i i<  j< ■  int.-  will  be  discussed 

lent  sections. 

-Should  The  Sioht-Feed  He  Broken  Fiiom  A  liie.e-l'i 
(at  Be  Rep  a  i  re  u  with  pipe  fittings  as  abown  in  Fig.  .ri 
[  a  peep  hole,  //,  through  a  coupling,  (',  two  bul 
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are  screwed  firmly  into  il  and  the  glus*,  G,  is  Ml  will)  cement  or  putty. 
Tbe  ItHra  end  of  (he  original  oiler  may  readily  be  &tu>d  to  I  be  Hew  right- 
fewl  as  shown  in  Fig.  515. 


489.  The  Suitable  Applications  For  Drop-Feed  Lubrication 
On  Steam  Engines  are  those  where  the  engine  it-  not  sufficiently 
large  to  justify  the  cost  of  a  complete  splash  or  circulation 


oiling  system  or  where  the  cngii 
seldom  that  this  system  is  used 
engines  of  capacities  greater  t 
larger  engines,  even  the  largest, 
the  slow-speed  light-load  heurii 
rocker  arms,  governor  spiacDfl  a 


i  used  infrequently.     Il  I* 
exclusion  of  i  ithei  -  on 
■ 

m*doyed  for 


.  tool 
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tea 


490.  The  Bottle  Oiler  (Fig.  516),  although  not  widely  used 
on  steam  engines,  is  an  ingenious  device  and  gives  good  results 
when  properly  adjusted.  The  plunger,  C,  fits  loosely  in  the 
brass  tube,  A,  so  that,  as  C  is  given  a  little  motion  up  and  down 
by  the  rotation  of  the  shaft,  oil  will  work  down  onto  the  shaft. 
Oilers  of  this  type  are  very  useful  on  shaft  bearings — particu- 


r  line  shafts — which  run  intermittently,  because,  due  to 

B  viscosity,  they  feed  no  oil  when  the  shafts  are  still.     They 

e  with  glass  bodies  so  that  the  oil  content  of  the  r< 

S  visible  at.  all  times.     Adjustment  of  oil-feed  can  only  1 

i!  I  iv  changing  the  plunger  forone  of  a  different  diamete 

iller  the  plunger  diameter,  ;is  coin  pared  to  the 
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of  the  tube  within  which  it  fits,  the  greater  will  bo  the  rate  of 
oil -feed. 

491.  Ring-Oiled  Bearings  (Fig.  517),  nhli.-imli seldom famd 
on  steam  engines,  are  very  effective  and  reliable.  The  bearing 
cup,  C,  is  cut  away,  for  a  small  portion  of  its  length,  to  alio* 


Tt>nx*?fi  Coupling 


Fin,  JiM.— Improvised  night  fi> 
drop-fen)  ollnr.  (F.  W.  BtuUo 
LiiJV:«,.Fum.ll.  1918.) 


the  oiling  ring,  R,  to  ride  upon  the  shaft,  S,  as  shown.  As  H 
is  always  dipping  into  the  oil  in  the  reservoir,  ^4,  and  as  rotation 
of  S  will  cause  R  to  "ride"  it  and  thereby  also  revolve,  R 
will  continually  carry  oil  upward  onto  S.  A  liberal  quantity  of 
oil  is  thus  fed  to  the  bearing  whenever  the  shaft  rotates. 

Ring-oiled  bearings  require  attenl ily  to  see  that  enough 

oil  is  within  the  reservoir  (some  oil  islj  ikage  and  evapo- 
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tton).    A  periodic  renewal  of  the  oil  in  the  bearing  will 
event  the  accumulation  of  grit  and  damage  resulting  from  it. 


492.  The  Splash  System  Of  External-Bearing  Lubrication, 
g.  518,  is  widely  used  on  modern  medium-  and  high-speed 
gincs.    The  crank  disc,  B,  dips  into  the  oil  in  the  crank  case 


Fin.  SIS.— A  typical  ■plmh-oiled  rnfinr. 

a  depth  of  about  2  in.  and  throws  the  oil,  which  it  picks  up, 
to  the  crosshead  guides,  C,  and  the  crosshead.  Some 
is  collected  in  the  trough,  N,  from  which  it  is  led  by  pin-" 
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(Fig.  519)  to  the  main  bearings  and  to  the  eccentric,  iSmall 
quantities  nf  water  will  wort  (heir  way  into  the  crank  cut 
(steam  which  leaks  through  the  packing  gland  anil  then 
DondeDflea)  and  must  l>e  removed.  This  may  be  done  auto- 
matically with  an  overflow  pipe  as  shown  at  L  in  Fig.  518, 
Frequently,  an  auxiliary  stuffing  box  is  placed  on  the  dividinE 


1 teSk'';  <>•«  S/X5 


-Mil.  —  S,-.-li,.i 


wall,  D,  to  keep  water  out  of  the  crank  case.  In  verticil 
single-acting  engines  (with  large  crank  chambers  the  oil 
reservoir  is,  to  minimize  the  quantity  of  oil  required,  frequently 
filled  to  within  :!j  in.  of  the  under  side  of  the  crank  shaft 
with  water  upon  which  :i  layer  of  oil  >  ,  to  '  t  ii-    "  '  '(  is  then 


poured.     The  dipping  of  the  c 


■ 


forms  an  emulsion   which   is   then   splashed   to  the  several 
bearing  points.     Oils  for  splash  systems  are  given  in  Table 

-IN.'.. 

493.  The  Gravity-Circulation  System  Of  External-Bearing 
Lubrication  (Figs.  520  and  521)  is  one  in  which  oil  is  supplied 
to  the  external  bearings  from  an  overhead  tank,  A,  and,  on 
Leaving  the  bearings,  the  oil  is  collected  and  again  returned  to 
the  overhead  tank  by  a  pump,  IS.  The  rate  of  oil-feed  to 
each   bearing  is  regulated  by  a  needle  valve  in  a  sight-feed 


l  typical  crtvily-rirru 


oiler  (Fig.  522).  The  chief  advantage  of  the  gravity-circula- 
tion system  is  that  it  provides  a  continuous  and  generous 
supply  of  oil  to  every  bearing.  Another  advantage  is  that  it 
leads  itself  so  readily  to  the  use  of  an  oil  filter,  C  (Fig.  520), 
which  insures  the  supplying  of  clean  oil  to  the  bearings  at  all 
j  and  permits  the  use  of  the  same  oil  for  an  indefinite 
1  of  time.  New  oil  need  lie  added  only  to  make  up  for 
by  leakage  and  evaporation.  Any  reasonable  arrange- j 
(  filter  and  overhead  tank  may  be  adopted  to  sotisf 
pace  and  other  considerations. 
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Eiampixs  —  Tin-  filter,  C, 


located  'hat  tlw  dirty  oil  Una 
i  Vff.  520.     Or,  the  filter  mtv  bt 


dtOAted  above  .1  anil  discharge  by  gravity  into  A,  in  whieli  arrannfini-nt 
I  In.  dirty  oil  i-1*  pumped  fmm  a  collecting  basin  up  to  A.  A  third  plan  is 
to  locate  the  filter  :it  any  level  and  pump  the  oil  to  and  from  it  by  separate 
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Not*. — An  Inexpensive  GHAvrrr-CnicuLATiON  Lubricating  Sys- 
tem With  Hand  Pumps  is  shown  in  Fig.  523.  Tanks  A,  B,  C,  and  E 
can  have  any  shape.  F  and  G  are  hand  force-pumps.  D  is  the  oil 
filter.  Tanks  B  and  C  are  simply  to 
hold  supply  oil  for  A  and  D  and 
thereby  make  continuous  pumping 
unnecessary. 

494.  The  Force-Feed  Circu- 
lation System  Of  External- 
Bearing  Lubrication,  Fig.  524, 
is  one  in  which  oil  is  supplied 
to  the  external  bearings  by  a 
pump,  A,  under  a  pressure  of, 
say,  5  to  15  lb.  per  sq.  in.  The 
oil  is  taken  from  the  reservoir, 
ft,  in  the  crank  case  by  A  and 
delivered  through  pipes,  B,  to 
the  main  bearings.  Since  the 
crank  shaft  is  hollow,  the  oil 
is  led,  as  shown  from  the  main 
bearings  to  the  crank  pins  and 
eccentric.  It  is  then  conducted 
through  pipes,  C,  to  the  cross- 
head  pins.  Oil  which  leaves 
the  crossheaci  splashes  onto  the 
guides  and  thence  falls  back 
into  the  reservoir.  An  adjust- 
able relief  valve,  not  shown, 
permits  by-passing  some  of  the 
oil  into  the  reservoir  as  it  is 
discharged  by  the  pump.  The 
oil-feed  to  the  bearings  can  be  K 
increased  by  adjusting  the  relief  '' 
valve  to  maintain  a  higher  pres- 
sure at  the  pump  discharge.  As  the  bearings  become  worn,  a 
higher  pressure  is  necessary  to  keep  them  filled.  Also,  a  light 
oil  will  require  a  higher  pressure  than  a  heavy  oil.  Water, 
which  will  find  its  way  into  the  crank  case  from  the  cylin- 
der, must  be  drained  off  at  frequent  intervals.    A  scraper 


,  in  The  .Valium J  F.ng 
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gland,  D,  on  each  piston  and  valve  rod,  may  be  effectively 
used  to  keep  soma  of  the  water  out  of  the  crank  chamber. 
See.  Table  484  for  recommended  oils  for  f orce-feed  circulation 
systems. 


495.  The  Relative  Merits  Of  Automatic  Lubrication 
Systems  For  External  Bearings  may  be  briefly  stated  as 
follows:  ^P  SpJtiM-oifiny  systems  are  inexpensive  in  first  cost 
ami  operate  very  satisfactorily  on  engines  of  speeds  of  200 
r.p.m.  or  more.  The  oil  must  be  periodically  renewed  but. 
it  filtered,  can  be  used  over  and  over.  2  Gmrity  cimlatim 
s;  tit»w  afford  ^  vvpius  supply  of  oU  to  eaeh  bearing,  axe  simple 
and  easy  to  operate,  an**  4  to  any  engine.     The 

rfoiv  of  oil  to  eaeh  be<  It  adjustable.. 
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(3)  Force-feed  circulation  systems  are  very  positive — that  is, 
the  oil  supplied  to  a  bearing  is  more  apt,  than  in  the  first  two 
systems  discussed,  to  actually  enter  between  the  bearing 
surfaces.  On  the  other  hand,  the  oil-feed  to  each  bearing  is 
unknown,  and  if,  for  any  reason,  a  pipe  or  passage  should 
become  clogged  this  may  only  be  evidenced  after  serious 
damage  to  the  bearing.  ,  In  view  of  the  above,  the  gravity 
circulation  system  is  becoming  very  widely  used  for  modern 
slow-speed  engines,  whereas  the  splash  system  is  in  general 
use  on  higher-speed  engines. 

496.  Methods  Of  Supplying  Oil  To  Moving  Bearings  Of 
Medium- And   Slow-Speed   Engines  are  numerous  and  are 


usually  such  that  an  engine  need  not  be  shut  down  to  adjust 
the  oil  feed  or,  where  necessary,  to  fill  the  oilers.  In  the  illus- 
trations which  accompany  this  section,  hand-supplied  drop- 
feed  oilers  are  shown.  But  oil  may  be  conducted  to  these 
oil  cups  by  a  gravity  oiling  system  if  such  is  available.  In 
the  crank-pin  oiler  (Fig.  525),  which  is  widely  used,  oil  is  fed 
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from  the  cup  to  tube  F,  which  delivers  it  to  the  hollow  ball 
D.    Tube  C  is  fastened  securely  to  D  and  to  the  crank  pin, 


fi,  and  rotates  with  B.  Oil,  dripping  from  F  to  D,  is  carried 
through  C  by  centrifugal  force  and  enters  B  where  it  lubricates 
the  bearing.    A  similar  device  »*-  ■.  526)  in  which  the 
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oil  cup,  instead  of  being  mounted  on  a  rigid  support,  is  held 
upright  by  a  weighted  pendulum  to  which  it  is  attached; 
this  is  not  suited  to  the  gravity  system.  The  revolving  crank, 
B,  receives  oil  from  tube  C  and  delivers  it  to  the  crank  pin. 
The  usual  method  of  oiling  the  crosshead  guides  (Fig.  527) 
is  to  drop  oil  from  the  cup.  A,  onto  the  upper  shoe.  Drips 
from  A  and  from  the  pin  lubricate  the  lower  shoe,  being 
retained  by  splash  guards,  D,  at  each  end  of  the  guide. 


—Vertical  on«inn  nquipjied 


Note. — Eccentrics  And  Crosshead  Pins  Are  Fed  Bv  Wiper  Cups 
Ob  Telescopic  Tubes  (Figs.  527,  528  and  529).  The  wiper  cup,  C 
(Fig,  627),  supplies  the  crosshead  pin  with  oil  from  B.  Fig.  528  shows  a 
wiper  cup  and  a  drip  boat  which  is1  used  as  a  wiper  cup  for  feeding  oil  to 
eccentrics.  Telescopic  tubes  (Fig.  529)  arc  more  effective  for  cross- 
head  pin  and  eccentric  oiling  but  are  not  applicable  to  crosshead  pins 
of  vertical  engines.  On  the  other  hand,  the  swing-joint  arrangement  of 
Fig.  530  is  especially  suited  to  vertical  engines.  Swing-joint  and  tele- 
scopic oilers  cannot  be  used  effectively  on  high-speed  engines  bee- 
of  the  liability  of  their  becoming  disarranged  or  broker 
at  high  speeds. 
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497.  The  Operation  Of  A  Good  Oil  Purifier  Or  Filter  (Figs. 
531,  532  and  533)  usually  comprises  three  separate  processes: 

(1)  Screening  is  intended  to  remove  the  coarser  impurities  and 
relieve  the  following  processes  of  as  much  burden  as  is  feasible. 

(2)  Precipitation  consists  of  allowing  the  finer  impurities  of 
higher  specific  gravity  than  the  oil— such  as  fine  metallic 
wearings  and  water — to  settle  out  from  the  oil.  Precipitation 
is  often  accelerated  by  heating  the  oil,  thus  lowering  its 
viscosity  and  allowing  the  impurities  to  pass  more  freely 
through  it.  Separated  water  should  be  removed  by  an  auto- 
matic overflow.  (3)  Filtration  is  intended  to  remove  the 
very  finest  floating  impurities  in  the  oil — those  which  have 
not  been  removed  in  either  the  screen  or  the  precipitation 
chamber. 

Nora. — Passing  Ths  Oil  Thbouijh  Watjcb  Doxb  Not  Rxhovs 
lupcarriEB  although  some  engineers  try  to  filter  oil  in  this  way.  The 
oil  rises  through  the  water  in  drape  from  which  the  impurities  cannot  be 
removed  no  matter  how  hot  the  water  may  be. 

,  -^    '£•'  498.  The   Filtering    Materials 

Used  In  Oil  Filters  are  various. 
Most  small  filters  employ,  as  a 
filtering  medium,  cotton  waste, 
sawdust,  wool,  or  other  loose 
material,  but  in  large  filters 
cloth  is  universally  used.  Even 
for  small  filters,  cloth  in  the 
form  of  a  simple  bag  is  pref- 
erable to  loose  material. 
Loose  material,  unless  well 
packed,  will  allow  channels 
through  which  the  oil  will  pass 
without  being  filtered.  If  tightly 
ich  material  reduces  the  filter's  capacity  to  possibly 
gal.  per  day.  Filter  cloth  should  preferably  be 
arranged  so  that  the  impurities  will  fall  away  from  the  cloth 
as  they  collect.  With  horizontal  filter  surfaces,  the  oil 
should  flow  upward  through  the  cloth  which  should  have  a 
pan  under  it  to  prevent  the  impurities  falling  on  the  cloth  A 
beneath.    Vertical  filter  surfaces  are   preferable   to  thor 


ii-;.'    !      '  ■1!'  '  ' 


Fio.  631.— A«imply-ci 
filter.     (J.  C.  K*bJ.  iiT, 


packed, 
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ririzonlat  surfaces  through  which  the  oil  flows  downward 
lirmigh  the  cloth,  ;tw  the  latter  sire  apt  to  become  clogged  with 
mpurities.     It  is  also  desirable  to  have  the  two  skies  of  the 


difference  in  oil  pressure  at 
'  bottom  of  a.  filtering  surface  is 
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forced  through  at  a  greater  pressure  than  at  the  top,  the  cloth 
at  the  top  will  pass  less  oil  than  that  at  the  bottom,  and, 
furthermore,  impurities  may  be  forced  through  at  the  bottom 
by  the  greater  pressure.  In  some  small  filters  the  oil  is  filtered 
by  syphoning  it  through  felt  strips. 

Note. — Improvised  Oil  Filters  Mat  Be  Constructed  He  abut  . 
Fig.  531  shows  such  a  filter  which  employs  felt  strips  as  the  filtering 
material.     It  gives  very  satisfactory  results  as  only  clean  dry  oil  will 


,133.— Oil  filter.     (RichanboD-Pbi-nii  Co 


syphon  over  the  top  of  the  inner  can.  Fig.  532  shows  a  homemade  filler 
employing  n  loose  filter- male  rial  and  made  of  barrel  and  ran  pans. 
In  using  rtieh  a  filler  care  must  be  taken  that  the  material  is  ekwerj 
parked,  especially  .it  the  outer  edges  and  that  water  does  not  ecJleei  in 
barrel  B  to  a  level  higher  than  the  bottom  of  eone  C.  as  lias  would 
permit  water  to  enter  the  seeond  compartment. 

499.  Oil  Purifiers,  Usually  Called  Filters.  Are  Manufactured 
in  capsmies  up  in  3>00  gal.  per  min.  Ir;  :h*  Peie-ison  o3 
filter  Figs.  .»33  and  534''  oil  is  poured  i-  ar.i  siTM-iwd  si  A. 
and  after  passing  over  the  heating  coils.  B.  f.-:-*<  down  \ix 
lube.    ('.   striking  deflector.  D.     Fro  '  flttoan.  lie  oil 
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flows  slowly  upward  over  the  several  trays,  T,  gradually  losing 
its  water  and  heavy  impurities,  and  finally  passes  through  G 
into  the  filter  compartment,  shown  in  Fig.  533.  The  sepa- 
rated water  Sows  to  the  bottom  of  the  precipitation  chamber 
through  the  funnels  around  C  and  through  the  tube,  E.  It 
is  automatically  discharged  through  the  overflow  pipe,  P, 
which  is  adjustable  in  height  for  different  oils.  In  the  filtra- 
n  compartment.  H  (Fig.  533),  the  oil  flows  through  the  filter 
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cloth,  which  is  supported  on  frames,  J,  from  the  outside  to 
the  inside.  Impurities  collect  on  the  filter  surfaces  and  fall 
to  the  bottom  of  //.  The  clean  ocl  flows  from  the  inside  of 
frames  ,J,th  rough  valves ,  K ,  in  to  the  clean  oil  compartment,  L. 
Notb. — As  the  filter  Frames,  J,  are  always  full  of  oil,  there  exists  the 
same  difference  of  pressure  between  outside  and  inside  of  the  cloth  at  all 
point*  on  the  cloth.  This  pressure  is  shown  by  the  height  of  oil  in 
head  gage,  R.     The  clean  oil  is  taken  out  through  pipe  M. 

500.  In  A  Bowser  Oil  Filtering  Outfit  (Fig.  535),  dirty  oil  | 

is  introduced  and  scri'i-ued  at  .1   utul  rolleds  in  the  refip'"' 
and  purifying  chamber,  P,  where  it  is  heated  by  tli* 
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c.il  ud  then  passes  up  over  the  trays.  H.  The  "il  then  over- 
flows through  the  regulating  valve,  E,  to  the  filter  bag, ' 
through  which  it  passes  to  D,  the  clean  oil  Btora 
Another  Bowser  outfit  is  that  shown  diugnurimatietiily  in  Hg. 
521.  The  filter  cloths  in  this  outfit  arc  placed  in  the  hori- 
zontal position  In  the  filter  pan  and  allow  the  oil  to  pass 
upward  through  them.  Pans  (not  shown),  between  tin 
layers  of  filter  eloth,  catch  the  impurities  as  they  fall  from  the 
d"i  ii  surface. 

501.  The  Subject  Of  Internal- 
Bearing  Lubrication  may  l>c  con- 
veniently treated  under  three 
headings.  (Internal  bearings  are 
defined  in  See.  486.)  (1)  Nature 
of  the  lubricant,      Engines  oper- 


ating on  wet  Btcam  require  a  lubricant  which  is  not 
readily  washed  from  the  cylinder  walls.  Engines  operat- 
ing mi  superheated  steam  require  a  lubricant  which  will  not 
carbonise  or  become  too  thin  at  the  high  superheat  Uinjxni- 
turc;  see  Fig.  511.  (2)  Appliance  used  to  feed  the  lubricant. 
This  can  !»•  a  hand  pump  (_Fig.  536),  a  hydrostatic  labriettoi 
(Fig.  541),  or  a  mechanical  force-feed  lubricator  (Fig.  544). 
These  appliances  will  be  discussed  in  following  sections.  (31 
Manner  of  t'nti-oducing  the  lubricant  to  the  bearings,  discussed 

baton . 

502.  The  Most  Preferable  j  Of  Introducing  Cylinder 

Oil  is  lo  mix  it  with  tbjf^H  -  -Ujm  approa.  lies 
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the  engine.  Unless  the  engine  builders  recommend  some 
other  scheme,  the  oil  should  be  fed  into  the  steam  pipe  above 
the  throttle  valve  and  thoroughly  atomized  before  it  reaches 
the  cylinder.  Feeding  the  oil  through  a  pipe  which  does  not 
extend  into  the  interior  of  the  steam  pipe  is  apt  to  allow  the 
oil  to  flow  down  the  inner  surface  of  the  steam  pipe  without  its 
being  well  mixed  with  the  steam.  A  slotted  pipe  extending  a 
"spoon-shaped"  end  well  into  the  steam  pipe  (Fig.  537) 
will  cause  the  steam  to  "spray"  the  oil  through  the  slots  and 


MaeCord    Mfg.   Co.    Wf«bt«l 


thus  to  thoroughly  atomize  it.  A  check  valve  -should  !*>  placed 
as  shown  to  insure  a  steady  flow  nf  oil.  Some  provision 
should  be  made  that  a  vacuum  in  the  steam  pipe  will  not  draw 
the  oil  out  of  the  feed  pipe.  A  gravity  valve  (Fig.  538)  or  a 
suitable  spring-loaded  check  valve  will  provide  this  assurance. 

Nora. — Flake  Graphite  Ih  Sometime*  I'eii  Th  The  Valves  And 
Cylinmr,   the  object  being  to  have   the  graphite   "rake"  on   to   the 
rubbing  surfaces  and  glaze  them,  thus  reducing  the  amount  of  oil  nece* 
Miy  for  good  lubrication.     Very  small  quantities  of  grap 
1  to  3  per  cent,  by  weight  of  the  oil  supplied,  arc  fed,  Rene 
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a  separate  graphite  feeder,  Fig.  539,  and  directly   lo  the  steam  eW 
.Si, me  force-fued  luliricutors  will  handle  a  mixture  of  gnphit 
separate  graphite  Feeder  is  then  unnecessary. 

Note. — Lubrication  OfTheStopfini;  Boxsb  is  imuDjI  uccompuslLtd 
by  the  oil  introduced  with    the   steam.      Wherever  metallic  packing  If 
used,  however,  it  is  customary  to  supply  oil  directly  to  the 
through  sepurale  oil-Feed  pipes. 


503.  Feeding   Oil   To  Intersil 
Bearings  By  Hand  is  BGaroeJysvei 
attempted  except  as  a   std 
arrangement  for  use  if  the 

inary  method  of  feeding  becomes 
inoperative.  A  hand  oil  pump 
(Figs.  536  and  540)  should,  thin- 
fore,  be  placed  on  the  cylinder  nil- 
supply  pipe  of  every  engine  and  so 
arranged  that  il  can  be  btWlgnl 
into  service  on  very  short  notice, 


604.  The    Principle    Of   The  Hydrostatic  Lubricator  (FiR 
541)  is  a  simple  one.     The  pipe,  A,  is  connected 
engine  steam-supply  pipe,  IS  in.  or  more  above  the  h 
and  is  also  connected  to  u  condenser,  C,     In  pipe  .1 

the  steam  which  enters  at  A  is  coi 

when  valve  B  is  open,  can  flow  through  pip 
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bottom  of  the  oil  reservoir,  E.  This  incoming  water  displaces 
oil  which  is  forced  out  through  pipe  F  and  through  the  adjust- 
ing valve,  V,  which  is  simply  for  regulating  the  feed.  The  oil 
then  rises  through  the  water  In  the  sight-feed  glass,  S,  and 
enters  the  steam  pipe,  R,  through  the  delivery  pipe,  L.  The 
gage  glass,  G,  shows  the  level  of  the  oil  in  the  reservoir.  The 
oil  is  forced  into  R  only  by  the  column  of  water  in  and  above  C. 


The  lubricator  must  be  started  and  stopped  with  the  engine, 
otherwise  it  would  continue  feeding  and  thereby  waste  oil. 
The  rate  of  oil-feed  depends  on  the  viscosity  of  the  oil  and 
will,  therefore,  change  with  different  room  temperatures 
and  each  time  the  lubricator  is  refilled. 

Note. — An  Emergency  Hydrostatic  Lubricator  Readily  Mask 
Or  Pipe  Fittings  is  shown  in  Fig.  542.     Regulation  of  oil-feed  is  att 
by  adjustment  of  the  valve,  A.     It  is  evident  that 
moan  it  has  no  sight-feed  glass,  is  not  at  all  reliable. 
y  device.     To  equip  this  lubricator  with 
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probably  involve  a  coat  mich  that  it  would  be  preferable  to  purchase  i 
manufactured  lubricator. 

606.  The  Care  And  Operation  Of  Hydrostatic  Lubricators 
are  simple.  In  filling  the  lubricator  valves  B  and  V,  Fig. 
541,  are  closed;  then  drain  cock  X  and  plug  P  are  opened. 
After  all  water  has  drained  out  of  E,  X  is  closed  and  fresh  oil 
is  poured  into  P.  In  cold  weather  it  may  be  necessary  to  heat 
the  oil  to  sufficiently  reduce  its  viscosity  that  it  will  readily 
flow  into  the  reservoir.    Should  the  condenser,  C,  by  any 


chance  l>c  drained  of  its  water,  sufficient  time  must  be 
allowed  for  it  to  fill  Ixtforo  opening  B  to  the  oil.  Otherwise, 
steam  would  enter  the  oil  and  cause  "churning"  in  the  sight- 
food  glass.  The  only  remedy  for  churning  is  to  completely 
empty  the  lubricator,  or  '  »!«-*■    and  wait  for  the 

condenser   to   fill   with  «d  glass  gets 

smeared  with  oil,  tb  'rops  are  too 
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large  for  the  bore  of  the  glass  tube.  This  can  usually  be 
remedied  in  one  of  three  ways:  (1)  Fit  a  larger  diameter  glass, 
i  2 )  Solder  a  wire  on  to  the  nipple  (at  which  the  drops  form)  to 
guide  the  oil  drops  centrally  up  the  tube.  (8)  Fill  the  sight- 
glass  with  salt  water  or  glycerine.  The  heavier  specific  gravity 
of  these  liquids  will  cause  the  oil  to  rise  in  smaller  drops  which 
will  not  touch  the  glass. 

Note.— Leak aiieh  Of  Joints  On  PaCKino  In  Hydrostatic  Lubri- 
cators Must  Be  Avoided,  because  the  lubricators  are  very  sensitive 
aiid  leaks  are  mire  to  interfere  with  their  operation. 

Note.— A  Method  Op  Filling  A  Hydrostatic  Lubricator  With 
A  Hand  Oil  Pump  is  shown  in  Fig.  543,  where  an  additional  pet-cork, 
C,  is  shown  mounted  at  the  top  of  the  gage  glass.  To  refill  the 
NlbliMtor,  L,  it  is  first  shut  off  in  the  usual  manner  by  dosing  valves 
fl  sod  V.  Cocks  C  and  E  and  valve  D  are  then  opened,  allowing  the 
water  to  drain  from  (he  lubricator.  E  is  then  closed  and  oil  is  pumped 
from  P  to  L,  aftei  which  D  and  C  are  again  closed.  The  lubricator  is 
then  ready  for  service. 

606.  To  Prevent  Trouble   With   Hydrostatic  Lubricators 

it  is  necessary  to  use  only  oil  of  good  quality  and  to  be  sure 
that  it  is  absolutely  clean  and  free  of  all  foreign  substances. 
it  is  well  to  strain  all  of  the  oil  used  and  to  keep  it  well  protected. 
Sometimes  a  lubricator  cannot  work  because  some  of  its  small 
passages  have  become  clogged  with  dirt  from  the  oil.  It  is 
good  practice  to  occasionally  empty  the  lubricator  and  blow 
steam  through  it  so  as  to  thoroughly  clean  out  any  dirt  or  sedi- 
ment that  may  have  lodged  in  the  small  tubes  or  passages. 

Note. — The  Water  Feed  Valve  Of  A  Hydrostatic  Lubricator 
Should  Be  Left  Open  When  The  Kni.ise  Is. Shut  Down,  us  during  the 
noon  hour,  and  when  the  oil  regulating  vulve  is  closed.  The  lubricator 
being  connected  above  i  lie  ■■limine  throttle  valve,  steam  enters  the  support 
firm  and  heula  the  oil  in  the  hody  of  the  lubricator  while  the  tliroiile  i< 
closed  as  well  as  while  open.  Thin  heat  causes  the  oil  in  the  lubricator 
to  expand.  If  the  water  feed  valve  is  left  open  it  acts  us  a  vent,  and 
siiiie  of  the  water  in  the  bottom  of  the  lubricator  body  will  be 
forced  up  inUi  the  condenser.  If  the  oil  regulating  valve  and  water  feed 
lire  both  shut,  there  will  be  no  outlet  for  the  expanding  oil  which  n 
then  exert  such  n  pressure  on  the  body  as  to  cause  it  to  bulge. 

507.  Mechanical   Force-Feed   Lubricators    (Figs.   544  ^ 
545 1  are  coming  into  extensive  use  for  internal  lubricajji 

steam  engines.     In  general,  they  arc  preferable  tfl 
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static  Lubricatora  because  they  are  mure  positive  in  operation 
and  furthermore  they  can  be  arranged  to  automatically  start 
and  stop  with  the  engine.     A  great  number  of  different  Idnda 


are  on  the   market.     Most   of   them  art-   very   satisfactory, 
In  the  one  shown  (Figs.  544  and  .545),  the  connecting  cod,  <'. 


is  driven  from  some  part  of  thp 
inn  motion.  The  rachaJ^^H 
into  rotation  of  t lie  crunk 
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eating  motion  to  the  plunger,  A.  On  the  upward  stroke  of  A, 
oil  is  drawn  up  from  the  reservoir,  E,  (Fig.  545),  through  pipe 
F  into  the  displacement  chamber,  D.  From  D  it  is  forced  on 
the  downward  stroke  of  A,  past  the  sight  glass,  G  and  out 
through  a  pipe  attached  at  /,  to  the  engine.  Adjustment  of 
feed  is  accomplished  by:  (1)  Varying  the  amount  of  movement 
of  the  connecting  rod,  C.  (2)  Varying  the  stroke  of  the 
plunger,  A,  by  the  screws,  J. 

Note. — Multiple-Feed  Mechanical  Lubricators  are  useful  for 
supplying  oil  to  more  than  one  point.  In  compound  engines  a  multiple- 
feed  lubricator  can  be  employed  to  furnish  a  separate  supply  of  oil  to 
each  cylinder.  A  separate  feed  is  also  used  to  feed  each  stuffing  box 
which  is  to  be  oiled.  The  number  of  feeds  may  be  sufficient  to  supply 
every  need  of  an  entire  plant  with  one  lubricator,  in  which  event  the 
lubricator  is  motor-  or  steam-driven  and  the  feed  to  each  delivery  point 
must  be  started  and  stopped  by  an  attendant. 

Note. — In  Installing  Force-Feed  Lubricators,  the  lubricator  may 
be  mounted  on  any  convenient  place  on  the  engine.  The  engine  builder 
or  engineer  will  designate  the  most  advantageous  location.  Installation 
should  be  made  so  that  the  sight  feeds  and  filler  plugs  are  in  full  view  of 
the  engineer.  The  ratchet  arm  can  be  driven  by  any  reciprocating 
motion  of  the  engine.  Always  use  pipe  free  from  rust.  Before  connect- 
ing up  the  valve,  make  sure  that  the  lubricator  is  clean  of  all  foreign 
matter  and  fill  the  lubricator  reservoir  with  oil.  Work  the  operating 
lever  by  hand  to  fill  the  oil  pipe  until  it  overflows.  In  this  way  the  oper- 
ator will  know  that  the  pipe  line  is  clear. 

508.  The  Proportional  Lubricator  Is  A  Modified  Hydro- 
static Lubricator  and  is  intended  to  furnish  internal  lubrication 
for  an  entire  plant;  see  Fig.  546.  A  reducing  and  enlarging 
(venturi),  section,  A,  is  placed  in  the  main  steam  pipe  from 
the  boiler.  The  lubricator  is  installed  to  deliver  oil  at  the 
reduced  section,  A.  The  condenser,  0,  however,  is  connected 
to  the  main  portion,  /?,  of  the  steam  pipe.  As  steam  flows 
through  the  steam  pipe,  the  pressure  at  A  will  fall  below  that 
Bt  due  to  the  velocity  of  the  steam.  The  greater  the  velocity 
the  steam,  the  greater  will  be  the  pressure  difference 
!l  points  A  and  B.  This  difference  of  pressure  is 
,  in  addition  to  the  difference  in  specific  gravity  of  t) 
C  and  the  oil  in  F}  to  force  oil  from  the  lubricat 
the  needle  valve,  D.    Thus,  the  oil-feed  will  va. 
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with  the  velocity  of  the  steam  in  the  main  pipe.  This  lubri- 
cator has  the  disadvantages  of  all  hydrostatic  lubricators 
and  besides,  unless  the  check  valve,  E,  is  properly  spring- 
loaded,  it  may  feed  oil  when  no  steam  is  flowing  in  A. 


Flo.  MB.— Mcj-erirujh  proportional  lubricator.     (Oil  Well  Supply  Co 

.  PitUburib 

QUESTIONS  OK  DIVISION  1* 

1.  What  is  the  primary  purpose  of  lubrication? 

1.   Dp  fine  friction. 

t.  Explain  f oH ins; /nr Iron. 

*.  Eiplain  M,iin„  jrinion. 

t.  Explain  fluid  friction. 

mcesJ 

7,  Define  body  aa  applied  lo  o"i\». 
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8.  Define  vitcoaity  and  explain  with  a  sketch  how  it  is  measured, 
t.  What  does  the  viscosity  of  an  oil  determine? 

10.  Does  the  viscosity  of  an  oil  ever  change? 

11.  Explain  the  use  of  *olid  lubricant*. 

IS.  Name  some  substances  which  are  solid  lubricants: 
IS.  What  are  *emi-*olid  lubricant*  and  what  are  their  use? 

14.  Name  three  general  classifications  of  oils  (classified  as  to  source  of  supply)  snd 
explain  the  properties  of  each. 

15.  How  is  the  Specific  gravity  of  an  oil  measured  and  what  does  it  indicate? 
IS.  At  what  temperatures  are  oil  viscosities  usually  measured? 

IT.  Define  fia*h  point,  fire  point,  and  chill  point. 
IS.  How  are  the  above  point*  used  in  the  selection  of  an  oil? 

IS.  What  are  the  mechanical  condition*  of  a  bearing  and  how  do  they  affect  the  choice 
of  an  oil? 

50.  How  does  the  lubricating  system  which  is  used  in  an  installation  affect  the  selection 
of  an  oil  for  it? 

51.  What  are  deposits  in  oils  caused  by? 

SS.  State  the  principal  properties  of  circulation  oils. 
SS.  State  the  principal  properties  of  cylinder  oils. 

54.  What  are  the  external  and  internal  bearings  of  a  steam  engine? 

55.  Define  automatic  and  non-automatic  lubrication  of  external  bearings. 
SS.  Discuss  the  fabrication  of  external  bearings  by  hand? 

ST.  Discuss  drop-feed  lubrication. 

SS.  What  is  the  bottle  oiler  and  how  does  it  function?     Explain  with  a  sketch. 

SS.  Describe  and,  using  a  sketch,  discuss  ring-oiled  bearing*. 

50.  What  are  the  applications  of  drop-feed  oiling? 

51.  Describe  and  discuss  *pla*h  oiling. 

SS.  Draw  a  diagram  of  a  gravity-circulation  oiling  system  and  discuss  its  merits. 
t$.  Describe  and  discuss  the  force-feed  circulation  ayttetn  of  bearing  lubrication. 
84.  What  are  the  relative  merits  of  the  three  systems  of  Questions  31  to  33? 
SS.  Enumerate  the  methods  of  supplying  oil  to  moving  engine  bearings  and  describe 
each. 

SS.  Describe,  with  a  diagrammatic  sketch,  the  operation  of  a  good  oil  purifier. 
ST.  How  should  oil  flow  through  cloth  filter  surfaces? 

SS.  How  can  water  be  automatically  removed  from  a  mixture  of  oil  and  water? 
SS.  How  should  oil  be  introduced  to  an  engine  for  its  internal-bearing  lubrication? 

40.  How  may  graphite  be  introduced  to  the  internal  bearings? 

41.  How  are  the  stuffing  boxes  lubricated? 
41.  What  is  the  field  of  hand  oil-pumps? 

4S.  Draw  a  sketch  and  with  it  discuss  the  principle  of  the  hydrostatic  lubricator. 

44.  Using  the  sketch  of  Question  43  show  how  a  hydrostatic  lubricator  is  refilled. 

45.  What  troubles  are  to  be  guarded  against  in  using  hydrostatic  lubricators  and  how 
*re  they  avoided? 

4S.  Describe  the  operation  of  a  mechanical  force-feed  lubricator.     Make  a  sketch  and 
tell  how  to  install  a  mechanical  force-feed  lubricator. 
4T.  What  is  the  principle  of  the  proportional  lubricator? 


APPENDIX 
SOLUTIONS  TO  PROBLEMS 

The  Following  Solutions  To  The  Problems,  which  have  been 
presented  at  the  ends  of  the  various  divisions  throughout  the 
book,  are  included  to  assist  thestudent.  These  solutions  should 
be  referred  to  onlv  after  the  reader  has  made  an  earnest  effort 
to  solve,  without  assistance,  the  problem  which  is  under  consid- 
eration. If  used  in  this  wav,  these  solutions  mav  constitute 
a  material  aid.  But  if  the  reader  refers  to  this  appendix 
before  he  has  made  an  honest  effort  to  work  out  his  own  solu- 
tion, then  the  material  in  this  appendix  will,  probably,  do 
more  harm  than  good. 

The  Same  Symbols  And  The  Same  Formulas  Are  Used  in 
these  solutions  as  those  which  are  employed  in  the  division 
which  precedes  the  problems  which  are  proposed  in  the  text 
portions  of  the  book. 

SOLUTIONS  TO  PROBLEMS  ON  DIVISION  1 
FUNCTION  AND  PRINCIPLE  OF  THE  STEAM  ENGINE 

1.  Head-end  displacement  volume  =  i*10  X  10  X  0.7S5)  X  12  =  942 

cu.    in.      Crank-end    displacement  volume   =  942  —  *  1.5  X  1.5  X  0.785) 

X  12]   =  920.8    cu.     in.     II  tad-end    clearance     percentage  =  1S5  -5-  942 

=  0.196  or  19.G  per  ant.     Crank-end  clearance  i*rantage  =  ISO  -5-  920.8 

=  0.195  or  19.5  per  cent. 

2.  From  steam  tables,  the  total  heat  of  dry  saturated  steam  at  160  lb. 
per  »q.  in.  abs.  =  1194.5  H.t.u.  /*r  lb.  Also,  the  total  heat  of  steam  of 
89  per  cent,  quality  at   17  lb.  /*r  sa.  in.  abs.  =   1S7.5  -f  lO.S9  X  965.6) 

=  1046.9  B.t.u.  i*r  lb.  By  For.  «1):  Thtnrttical  efficiency  =  (Heat 
a)>*tracltd)  -r-  (Heat  rteeind*  =  [Heat  recti ltd  —  Heat  rejected)]  -r 
(Heat  received)  =  [1194.5  -  1040.9;  -^  1194.5  =  12.3  percent. 

3.  Ana  of  piston  =  9  X  9  X  0.7 v5  =  03.6  so.  in.  Effective  pressure 
=  125  —  4  =  121  lb.  per  sq.  in.  Hence,  by  For.  3  :  IF  =  AipL/fm 
=  63.6  X  1  X  121   =  7696   //.    lb.    /*r    vorkiug    strok*      ft*   For.    (5): 

P.ap  =  PmL;,AipX.    33.000  =  <  121  X  1   X  63.6  X  1-46.6 

h.p.  for  each  end.      Total  horse  jxtwer  =  2  X  4fi-p 

4.  By  For.  <6,:  Pm  =  0.9[A'(P.  +  14  ~  Ie20: 
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JC  =  0.737.  Also,  Pa  =  4  4-  14.7  =  18.7  lb.  per  sq.  in.  abs.  Hence, 
**»  »  0.9(0.737(125  +  14.7)  -  18.7]  =  75.9  lb.  per  sq.  in.  By  For.  (5): 
*\a,  =  PwL/.i4,pAr,/33,0O0  «  (75.9  X  1  X  63.6  X  200)  -*-  33,000  - 
29.2  k.p.  for  each  end.     Total  horse  power  =  2  X  29.2  =  58.4  h.p. 


SOLUTIONS  TO  PROBLEMS  ON  DIVISION  3 
INDICATORS  AND  INDICATOR  PRACTICE 

1.  By  the  rules  of  Sec.  84,  length  of  diagram  =  4  X  12  -5-  13  =  3.69  in. 
Hadius  of  brumbo  pulley  =  13  X  3  -r  12  =  3.25  in. 

2.  Length  of  diagram  =  {diam.  smaller  pulley  -*■  diam.  larger  pulley) 
X  stroke  =  (2  -s-  18)36  -  4  in. 

3.  By  method  of  ordinates,  mean  height  crank-end  diagram  =  1.048  in. 
mean  height  head-end  diagram  =  1.006  in. 

4.  By  For.  (15)  mean  effective  pressure  =  Pm  =  mean  height  of  diagram 
X  scale  of  spring.  For  head-end  diagram:  Pm  =  1.006  X  60  =  60.36 
lb.  per.  sq.  in.  For  crank-end  diagram:  Pm  =  1.048  X  60  =  62.88/6. 
per.  sq.  in. 

6.  By  For.  (13)  the  h.p.  constants  arc:  For  head  end,  fci  =  ,P 


33,000 


1.25   X    12   X    12   X   0.7854 


33.000 
For    crank    end,    kj  = 


L25    X    113.1 
33,000 


=   0.004284    - 


1 
233* 


1.25  X  (113.1  -  4.9)        1.25  X  108.2 


1 


33,000 


33,000 


-  0.0041 


-  244.     By    For.    (16),    P,*p  =  PmNk.     For    head  end,  P»*P  *  60.36 

X  220  X  233  ■s  56-9  hV>     For  crank  end,  Vikp  =  62.88  X  220  X  244 
=  56.7  h.p.     Total  for  engine,  Pihp  -  56.9  +  56.7  =  113.6  h.p. 


I 


8 


3 


Atmospheric  Line- 


Zero  Pressure  Lihe — 
Fia.  547.— Solution  to  Prob.  6. 

6.  See  Fig.  547  which  shows  the  theoretical  expansion  and  compression 
lines. 

7.  Expansion  and  compression  curves  show  that  piston  and  cxhau^f 
valves  are  probably  in  good  order  but  that  there  is  steam  leaking  into 
crank  end  during  expansion.     Admission  is  early  at  the  head  end.    1 
steam  lines  show  a  marked  slope  probably  because  the  enp' 

k**Ty  load. 
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8.  By  For.  (21)  the  steam  rate  is 

W«  -  lZlp^°Hx.  +  x.)DV  -(*'.  +  *)D%J ».  I».  *-*.+  *r. 

The  length  of  the  diagrams  in  Fig.  116  is  3H  ■»•  Values  of  *  and 
x'.  are  found  by  dividing  the  distance  of  a  point  from  the  end  of  the 
diagram  by  Z\i  in.  x,  is  given  in  Prob.  6  as  0.16.  Pressures  at  potato 
are  taken  from  the  diagrams.  Densities  are  from  the  steam  table. 
Values  of  Pm  were  found  in  Prob.  4.  Values  of  the  several  terms  in  the 
formula  are  arranged  tabularly  below. 

Point R  8  X  Y 

Distance  from  end  of  diagram  (tn.)..     3.00        2.80        0.76       0.83 

x.orx' 0.023      0.862      0.231      0.266 

Pressure  (ft.  per  aq.  in.  obe.) 60  66  21  22 

Density  (ft.  per  cu.  fu) 0.1176    0.1286    0.0621    0.0545 

Substituting  in  For.  (21),  for  head  end: 

Wa  "  ISkSS  [(0,862  +  015)01286  "(0.266  +  0.16)0.0546]    -   228 

[1.012  X  0.1286  -  0.406  X  0.0646]  - 

228(0.1301  -  0.0221)  =  228  X  0.108  «  24.6  lb.  per  i.h.p.  hr. 
For  crank  end: 

io  715A 
Wa  -   raJS^W-WS  +0.16)0.1176  -  (0.231   +  0.15)0.0621]   -  218.7 

[1.073  X  0.1175  -  0.381  X  0.0521]  - 
218.7(0.1261  -  0.0198)  -  218.7  X  0.1063  -  23.25  ft.  periXp.hr. 

9.  By  the  rule  of  Sec.  131  and  from  the  results  of  Probe.  5  and  8,  total 
steam  need  per  hour  «  (56.9  X  24.6)  +  (56.7  X  23.25)  -  1399  +  1318  - 
2717  ft.  per  hr. 

10.  By  planimeter,  area  of  head-end  diagram  —  3.23  8q.  in.;  area  of 

crank-end    diagram  =  3.38    sq.    in.     By    For.  (14),    head-end    Pm  m 

3.23X60       R._    ..  n      ,        _   D        3.38  X  60      M. 

—  q~o'c"~"  "  *9.6   ft-    P**  8Q-  in'     Crank-end  Pm  =  — ^r —   ™  "*•* 

ft.  per  sq.  in. 
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FLY-BALL   STEAM-ENGINE  GOVERNORS,  PRINCIPLES  AND 

ADJUSTMENT 

1.  By  For.   (25),  the  coefficient  of  regulation  of  the  governor,  Af,  - 
-  ^"^  -  (201  -  197)  -*-  197  -  0.0203  -  2.0  per  cent. 

2.  By  For.  07),  the  height,  L*  -  ~5^  *M  in. 
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By   For.    (26),    the  centrifugal  force,  Fe    ■»   0.000,028,5WriJV»  « 

1,028,5  X  6.25  X  4.32  X  500*  =  192.4  lb. 

The  governor  speed  remains  constant.     The  number  of  revolu- 

of  the  governor  per  engine  revolution  will  be  proportionally  less  to 

r  the  additional  engine  speed.     That  is,  the  revolutions  will  be 

105 
C  |25  —  3.1  revolutions  per  engine  revolution.     For  a  decrease  in  the 

I  ratio,  the  size  of  the  driving  pulley  must  be  proportionally  de- 

105 
ed,  that  is,  14  Xt^c  "  HJi  *»•  *=  the  required  diameter. 

Substituting  in  For.  (28),  La,  —  — ^ — -  X  —  W~»    there  results: 
12jf_145  x  35^200  from  wh.ch .  N%  _  28,800  and  iV  -  170  r.p.m. 

SOLUTIONS  TO  PROBLEMS  ON  DIVISION  8 

COMPOUND  AND  MULTI-EXPANSION  ENGINES 

For  the  condensing  engine,  by  Sec.  287,  the  receiver  pressure  = 
y  pressure  +  cylinder  ratio  =  (150  +  14.7) /4.3  =  38.3  lb.  per 
..  abs.,  or  38.3  —  14.7  =  23.6  lb.  per  sq.  in.  'gage.    For  the  non-con- 

ng  engine,  the  receiver  pressure  =  V supply  pressure  X  back  pressure 

/(100  +  14.7) X  (5 ~+  14.7)  -  47.5  lb.  per  sq.  in.  abs.t  or  47.5 
.7  «  32.8  lb.  per  sq.  in.  gage. 

Force  on  piston  =  (10  X  10  X  0.785)  X  150  -  11,780  lb.  By 
!73:  Torque  =  0.90  X  11,780  X  6  -  63,600  lb.  in. 
Absolute  pressure  in  condenser  =  (30  —  28.5)  X  0.491  =  0.74  lb. 
q.  in.  From  steam  tables:  steam  temperature  at  0.74  lb.  per  sq.  in. 
■  92  deg.  fahr.  Steam  temperature  at  (225  +  14.7)  »  239.7  lb.  per 
i.  abs.  =  397  deg.  fahr.  Hence,  the  temperature  range  in  each 
ler  -  (397  -  92)  -5-  4  =  76.2  deg.  fahr. 

Neglecting  clearance,  the  ratio  of  expansion  =  4.5  ■*■  0.26  —  17.3. 
idering    clearance    ratio    of    expansion    =  [4.5  +  (0.06  X  4.5) j  + 
+  0.06)  =  4.77  +  0.32  -  14.9. 
By  Sec.  291,  lead  -  5  X  He  -  Ke  tn. 

SOLUTIONS  TO  PROBLEMS  ON  DIVISION  10 

VM-ENGINE    EFFICIENCIES    AND    HOW   TO   INCREASE 

THEM 

By  For.  (29),  the  efficiency  of  the  ideal  Rankine  cycle t 
>otal  heats,  Ha  and  //<i,  are,  by  a  temperature-c  ntro] 
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awd  Hm  B.t.u.  per  lb.     The  beat  of  liquid,  His  =  180  B.t.0.  per  lb. 
lieucc, 

1190  -  1003 


E« 


0.185  «  18.5  per  cenL 


1190  -  180 
%.  By  For.  <30j,  the  Rankine  cycU  water  rate, 

W.«      25i5 

Hn  —  Hn 

The  steam  pressure  of  150  lb.  per  sq.  in.  gage  corresponds  to  366 
fahr.  for  saturated  steam.     The  steam,  therefore,  has  550  —  366  =  184 
(leg.  fahr.  superheat.     By  the  temperature-entropy  chart,  Hn  and  //« 
-  1295  and  955.     Hence, 

2545 
W'  "  1295' -955  =  72°  W-  *"  Hp-  hr- 

3.  By  For.  (31),  the  thermal  efficiency, 

2545 


£ 


Hi 


W.,(//m  -  Hn) 

By  For.  (32),  the  total  heat  at  admission, 

Hn  -  tall.  +  ///  -  0.98  X  853  +  343  =  1179  B.t.u.  per  lb. 
Tim  heat  of  liquid  at  exhaust,  Hit  (from  a  steam  table)  =  180  B.t.u.  p& 
lb.     Hence, 

2545 
E'«<  ~  18.6(1170"-  180)  =  °138  =  J38^^'- 
4.  The  actual  thermal  efficiency  of  the  engine  in  Prob.  1,  by  For.  (31)  * 

**•  =  wj™-  Hn)  -25(119?-  180)  =  °101  "  lal  *"  ""t 

By  For.  (34),  the  Rankine  cycle  ratio  = 

Actual  thermal  efficiency  _10.1  _nr-c 

Efficiency  of  the  ideal  Rankine  cycle      18.5 
6.  By  For.  (35),  the  mechanical  efficiency, 

175 

=  88.4  per  cent. 
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6.  By  For.  (3tN  the  otvr-all  efficiency, 

2545 
**      W^//„  "-  //,♦> 
By  For.  {'X\\  the  total  heat  of  the  steam  admitted. 

//,,  -  //i    r  TJ\  -  U96  +  100  X  0.58  =  1254  B.t.u.  per  lb. 
The  ntwolule  twk  pressure  -  29.8  —  27  =  2.S  in.  of  mercur>-  or  2> 
v  »j  (>;;  -  1.4  per  sq.  in.  abs.     The  heat  of  liquid  at  thus  back  pres- 
surv,  Hn  -  SI  B.t.u.  per  lb.     Hence  the  orer-all  efficiency. 

B«   =     „       "J!*0       .,-    =  0.125  =  12  5  ifrcent. 
17.4d2M  -  SI  i 

T.  B\  For.  v3S\  the  Brit/sh  thermal  unit*  p*r  brnke  nor**  pt>wrr  hour  = 
WvxMm  '  H:S  =■  17.4  1254  -  S!  =  20.400  B  :.-i.  per  b.h.p.  hr.  .*r 
20.  100  ■:*  0.740  =-  27.31V  B.t.u.  per  kit:  hr. 
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Q.  By  For.  (31),  the  thermal  efficiency, 

Ed"  =  W^,"JQ  =  19(1190  -  180)  =  13'25  1*rcenL 

r  the  first  engine. 

2545 
E'«  =  18(1200  -  180)  "  1385  ^  C*"'- 
>r  the  second  engine.     The  engine  using  18  lb.  of  steam  per  indicated 
orse  power  hour  is,  in  this  case,  the  more  efficient. 


SOLUTIONS  TO  PROBLEMS  ON  DIVISION  12 

STEAM-ENGINE  TESTING 

1.  By  the  rule  of  Sec.  368,  the  mechanical  efficiency  =*  brake  horse  power 
+  indicated  horse  power  =  120/133  =  0.903.  Friction  horse  power  — 
indicated  horse  power  —  brake  horse  power  =  133  —  120  =  13  h.  p. 

2wL/N(W  -  Wi) 


33,000 


2.  By  For.    (41),   the  brake  horse  power  =  PbkP- 
_  2  X  3.14  X  5.25  X  220  X  (250) 

3poo~  55  on'p' 

3.  By  For.  (61),  the  brake  constant  =  kb  =  33*000  =  ~~ — 33006 ! 

=  0.000,577. 

4.  By  For.  (54),  the  pounds  of  dry  steam  supplied  per  hour  =  W,«i 
=  xdW,„  =  0.97  X  5000  -  4850  lb.     From   For.    (55),   the   water  rate 

5=8  W'*  =  p       '*  t    =  20b~x3  =  24-25  lb-  drV  8ieam  P^  ih'P'  V*  hr- 

6.  From  the  example  under  Sec.  373,  it  was  found  that  2499  lb.  of 
dry  steam  were  used  per  hour.  By  For.  (51),  the  horse  power  input  to 
the  generator  (brake  horse  power  when  belt  slip  is  neglected)  =  P*P 

P*„  20.2  +  30.7 


0.746E*      0.746  X  0.90 


=  75.8  h.p.     By  For.  (56),  the  water  rate  = 


W  d  2499 

W,A  =  = £—  =  =-_  n-rr-r  =  33.0  lb.  of  dry  steam  per  b.h.p.  per  hr. 

"bhp  x  th     io.y  x  1 

Since  there  are  2550/75.8  or  33.6  lb.  of  wet  steam  used  per  brake  horse 

rower  per  hour  the  thermal  efficiency  is,  by  For.  (36)  Div.  10, 

2545 2545 = 

**  "  W„*[(*rfff ,  +  Hi)   -  Hit      33.6[(0.98  X  856.8  +  338)  -  192.6] 

2545 

«  0.0769  =  7.7  per  cent,  thermal  efficiency  based  on  brake 


$3.6(985.4) 
iorse  power. 
6.  From  Sec.  368,  the  brake  horse  power  =  0.90  X  200  -  180  b.h.p. 


4M 


SIrZ 


2545  

/>**.  tkrrmnl  tfinrnfy  vi^-i  *%  :r-££*  fai^nf  j*#r-r 


42J0010 


-  «-«te-.-j5   «*.::»  -  im  p* 


SOLUTIOHS  TO  PROBLEMS  OS  DTCSZOS  IS 


SELECTING  AN  ENGINE 

1.  Thfc  trtrrgy  unit*  4r*Ujj**i  j#?  yt*zr  —  I'.    ■    3W   ■   230  =  750.000 
h.p.  hr.     By  For.  '63  :  fVwf  p?r  '^u*  v/  *vn   =  !";£&  fr>v«4  prrywr 
5   Krurgy    vntU    tUttfoptd    per    ytcr  *  $13  CO?  -r-  75tiL*XN)  =  10  02  ptf 
A./>.  Ar.  or  2  rf.  /*r  A. p.  hr. 

1.  By  Hw.  %Y.l.  tit  preoption  charg*  -  $o*»J  —  2S  =  $17>  60. 


9.  fJAii.y  <ji"astitif>: 


l.inu 


Ho»  kn 

I-fcKW  t 

3 

1 

«'i 

v.£ 

12 

H  P     Eft 

3.750 
1.W0 
4.125 
1.750 
3.000 


'IoIhIh  21  13.025 

font  of  Htcjiih  (</  50  H.  p«*r  1000  U».. 
Olh«T  o|ifnitiii|f  rr#HiM  ut  81.50  jkt  hr. 

To!:il  iIjuIv  opcrutmK  <#oMh 


C-   ft— to 

ft5.+W 

7S.700 

23.<w 

20.100 

**5.COj 

>O.900 

41.S30 

34.300 

*7.0W 

60.900 

341.150  274.900 

$170  5>         $137  45 
36  00  36  00 


$206  5S         $173.45 


Y  J.AItl.  Y   <^l   A  SI  If  IK-.: 

Kiii-iKv  unit  -  (|f|iv«-ri-#l       300  /  13,025  =  4.0*7.500  h.p.  hr. 

"300/206.5* $61,974 

0|......i...Krl„u-K^i:,()()  y   mM 

KimmI  cIijiik'm  :tt   15  jmt  rvnt 1.500 


Total  nririii.'i)  co.sts 


I 'lilt.  1'IUTK.V  ron1s  f//rr  //./;.  Ar.)    =   -, 


63;474_ 
4,087,500 
53,985 


$63?474 
SO  .0155 


$52,035 
1.950 

$53.9S5 


$0.0132 


SOLUTIONS  OP  PROBLEMS  495 

3.  From  Prob.  3: 

Comma  Uwtrvow 

>aily  operating  costs $   206.58  $  173.45 

•perating  costs  for  15  days 3,096.70  2,001.75 

unual  Fixed  charges 1,500.00  1,950.00 

Total  annual  costs $4,598.70  34,551.75 

'herefore,  uniflow  engine  would  have  smaller  annual  cost 
Energy  output  in  15  days  -  15  X  13,625  -  204,375  h.p.  kr.     Cost  per 
nit  of  energy  -  $4,551.75  -r  204,375  -  $0.0223  per  h.p.  kr. 
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tion    468 
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rope  brake,  illustration 351 
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graph 423 
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definition 2 
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VABiABLE-cut-off,  definition 37 

speed,  definition 216 

vertical,  illustration 20 

warming   facilitated  bv  by-pass 
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from  indicator  diagram .....     80 
Erie  Ball  Engine  Company,  direc- 
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graph       69 
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engine .    272 
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tion   271 
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Filter,  oil,  illustration  from  "South- 
ern Engineer" 474 

improvised 476 

operation 474 

"Power."  illustration 475 
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illustration 477 

Richardson-Phenix      Company, 

illustration 476 
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illustration 468 

"Financial  Engineering."  O.  B.  Gold- 
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changed 255 
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operation 254 
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advantages  and  disadvan- 
tages   471 

external-bearing  lubrication.  469 

table  of  oils  used 459 

Force-feed  lubricator,  see  also 
Lubricator,  forct-feed. 

pump,  illustration         484 

Foster   superheater   catalogue   effect 

of  superheat,  graph         .  .        423 
ForR-YALVE     engine,     construction 

and  use 324 

low  steam  rate 327 

Foxboro  Manufacturing  Com- 
pany, continuous  revolution 
counter,  illustration  .    345 

hand  tachometer,  illustration         346 
Friction,  definition.  44> 

rhiid.  definition  _  447 

"rvr*e  power   definition  77.342 

*i:r:v..  definition  .   445 

wSt.  replaced  by  fluid  friction  449 
ro'":n*.  definition  447 

FmoN  Iron  Works  Ccmfany. 
>:.  I. out*.  ^:vws-ccE.pc*.ind 
•?n*;ne.  illustration  -«V> 

*^->r!:sa  <ngir.e.  illustration,  !to 

■»-ste*=:  r*r. *.»:«■  and  receiver. 
"*W\rwv.vt  ^?9 


Gapnot  definition  and  purpoae 211 

Gardner  throttling  lonnuVi  ipriiur 

arrangement,  illu.trmli.iii  2CBI 

"Garjoylc"  cylinder  oil  fut  uir,  with 

.uperheatcd  ilnm  ,    422 

U»ind;Uftt<urnton|orernnra  ...  278 
ii-i-  Cnrliat  rrleuini.  trouble*  of 

duh-poU 412 

Oikuiii    ■'-•'Tt.ii    Powan    Plakt 

jbwnwW,"    rrirtiuiml 

"" '"JJrTl.'rm"' '   r,Y.,i.'',,."\    311-317 

Cis.mm«.  direct-current,  determi- 
nation uf  electrical  output       :!.>; 


ncloadin, 


353 

.'  355 


1 

J  Gland  friction  in  Maine.  301 

j  Goldman.  II    B.      "Financial    Emri: 

conclt-orinc  cniinet  280 

1  Govertiini      hiih-tirc&flurc      cylinder 

prraaure       279 

(Gov«asoa.    aee    alio    Shaft    llHrmr 
*n4  flu-ball  tortrnor. 
ADJiiarUENT  for  iliflcreut  apeedt 
for     proinptneaa     and     speed 
regulation                   219 
to change engine apeed   ..         .  212 
American- Bull  eiiainc    2S0 
attention,  required 225 
■*LT.  requirement*             .201 
oilv.*  flack,  danger  201 

Buckeye,  illustration         2*1 

centrifugal  forre  204 

cluaifi  cation  103 

CorllH  engine.  iICmbi  rat  ion  IM 

duh-pot  ill-  varying  with  load 

condition. 211 

definition  IK 

affect  on  .lide- valve  .citing  14f) 

encloaedapring,  illustration         .   202 

engine,  (unctions        ,      37 

ErTniuTTip.  illu.irai.ion  .107 

failure,   engine   and   power  plant 

-reck,  due  t.,  mi 

Fitchhiirg  type,  K-(tin«  SSI 

I'lcnimr-llnrri.lniiB      ecu!  tif.iE*l 

inertia,  illustration  Ml 

n.T-KbL.      tee      alio      Flv->..il) 

aotrmar 102-227 

definition  103 

illustration  18 

priHiplM  uri.l  n.llii-1 [it     lilj-  .'.'7 

flywheel  in  balance,  eaplanation     23* 
force*  for  detecting  engine  .peed 

variation! 194 

scan  adjustment  278 

eiample  ol  changing    217 

"li.ni.li,>.,'-      uniflow     poppet- 
valve  engine,  illuilmtion        25.', 
horizontal  tcmion  .pring.  illua- 


:ging  during  chaugea  in  load, 
i'u>,  adjustable,  illustration 


r,  illu.lra- 

.2 


Porter,  relation  between  .need, 
height  and  wcighta  of  balk 
and  count erpoute,  formula       ; 

position  for  starting  ciujine  ( 


liability  device*  108 


iiriiii'lol,'.  am!   adjii-l  m-ril- 

V-'.s   -2. 

"'""''a'nd'balViicia'n't"'   ...  2i 

ball  height,  formula  , .  1 

.pring-  nr  weight  -loaded,  ad  van' 
|4|H  over  simple  pendulum  2i 


typicsd.haft,  illu.trnlioi 


•eight,  revolving,  centrifugal 
force  developed  formula  2 

pvheel,  Troy  automatic  eniine. 
method  of  balanring.  iHua- 


rod      pivot*,      proper     cud-play, 

"  Governor*    and    [he    Guvennna  "i 
Prime  Momn,"  W.  Trinka. 

QimphlU,    flake'  om-    in    valve    and  ' 

cylinder  lubrication  I 

(•aivrn-ciiu-tTt.4Tir)N    (larau.    «d- 

eiterual-bearing   lubrication  i 

Ghavity  oiling  .y.tem,  fo  "" 

-.vl,r-l...l..il,r   ill, 

-.■■'.  ,ll.„rr-i1 
,    C urliaa   • 

Ive,  MacCurd  Man 
Company,  illiutra 


GruaMbuW,  i:.. 


504 
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Page 
Hamilton,  engine  cylinder,  detach- 
ing-poppet Admission  valve, 

illustration 32 

uniplow      engine,      governing 

mechanism 255 

poppet-valve  engine  cylinder, 

illustration 420 

Hamksns,  "Steam  Engine  Trou- 
bles," enclosed-spring  gov- 
ernor illustration 202 

governor    employing    horisontal 

tension  spring  illustration . .   194 

governors 193 

Harding  and  Willard,  "Mechani- 
cal Equipment  op  Build- 
ings," Corliss  engine  gov- 
ernor, illustration 192 

on  regulation  guarantee  tests ....  204 
"Hard wick"    shaft    governor,    Erie 

engine,  illustration 237 

Harrisburg  Foundry  and  Machine, 
Works,  r*  Fleming-Harris- 
burg"  engine  valve-set- 
ting..    175-178 

Harrisburg  pour- valve  engine, 
advance  of  steam  and  ex- 
haust valve  arms,  table. .    .  178 

exterior  outline 176 

Head-end    dead    center,    definition, 

illustration 103 

port  opened   to  extent  of   lead, 

illustration 121 

Heat,  abstracted .    9 

as  energy 5 

balance,  explanation 8 

high-grade  engine,  illustration       9 
plant  with  condensing  engine 

using  live  steam  for  heating  299 
power     plant     where     engine 
exhaust  is  used  for  heating.  .   298 
conversion  in  engine,  example  .  .       7 

converted  into  work 9 

energy,  conversion  into  mechan- 
ical work 1 

insulation    or    lagging,    thermal 

losses  reduced  by 299 

mechanical  losses 9 

rejected,   in  steam  engine 6 

thermal  losses 9 

total,  small  part  converted  into 
mechanical  work  by  steam 

engine 291 

transfer,    saturated    and  super- 
heated steam  plants,  diagram  417 
unit   equivalents   in    mechanical 

and  electrical  energy 5 

useful  work 9 

flow,  steam-engine  plant,  expla- 
nation          1 

insulated  engine  cylinder,  illus- 
tration      299 

HiGH-pressure  engine,  definition   ....      36 

speed  engine,  definition 36 

testing 366 

Hills-McCanna  Company,  force- 
feed  lubricator,  illustration.    484 

pump,  illustration 4S4 

Hirshfeld     and     Ulbricht.      "Steam 

Power,"  engine  classification     19 
Holstead    Mill   and    Elevator    Com- 
pany,      engine       indicator 

diagram 331 

Hook-rod,  Corliss  engine,  illustration  ' 
Hooven.  Owens,  Rent&chler  Com- 
pany, Corliss-engine  va1 
illustration.  ..... 

poppet-valve     engin 
illustration ... 


Page 
Horisontal  steam  engine,  definition . .    20 

Horse  power,  brake,  definition 78 

computation      from      indicator 

diagrams 76 

constant,  formula 76 

definition 14 

each     end     of     cylinder,     how 

found 77 

friction,  definition 77, 342 

variation    with    brake    horse 

power 301 

indicated,    compound    engines, 

computation 275 

definition 77 

formula  for  computing 76 

input  to  generator,  known  out- 
put, formula 355 

of  engine,   mean  effective  pres- 
sure necessary  to  determine.     70 
Hunting,    governor,    definition    of 

term 210 

graphs  of  governors 210 

shaft  governor,  cause 243 

Hydrometer,  use  in  finding  specific 

gravity  of  oil 453 

Hydrostatic  lubricator,  see  also 
Lubricator,  hydrostatic. 

illustration 481 

Hyperbolic  expansion  line  for  steam, 

graph 65 

I 

"Ideal"     Corliss-valve     engine, 

Corliss  valve,  illustration.  147 

shaf t  governor  illustration 249 

Ideal  Rankine  cycle  efficiency,  form- 
ula for  computing 305 

iNCLiNED-plane  reducing  mechanism .  49 

steam  engine,  definition 20 

Indicated  Horse  Power,  definition.  77 
thermal  efficiency  computa- 
tions based  on  formula 307 

Indicator,  application  to  engine 57 

cards,     condensing     and     non- 
condensing  operation 285 

cock,  relief  passage 51 

connection  to  cylinder,  illustra- 
tion    51 

cord,   connection   to  crosahead, 

illustration 48 

methods  of  hooking  up 58 

Crosby    outside-spring,    illustra- 
tion    43 

definition 40 

diagrams,  actual  and  theoretical  61 

areas  found  by  plani  meter 73 

brake  horse  power  computed 

from,  formula 78 

combined,      quadruple-expan- 
sion engine 281 

compound      and      equivalent 

simple  engine 265 

engine  faults  revealed  by 69 

high-speed  engine 62 

horse  power  computed  from  ...  76 

ideal 60 

leaky    steam-admission    valve 

revealed  by 66 

mean,  method  of  drawing 275 

when  necessary     274 

method  of  taking 58 

steam  weight  computed  from.  80 

uses 40 

-^rrect  piping,  illustration ....  52 

Trn,  variation  from  Watt's   .  42 
"-  v^Quirements  and  place- 

*  *m  drum 57 

-"^Muaxa,  advantages.  42 
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^  Paqb 

***■»,  force-feed  circulation   systems, 

table 459 

groove,  cutting,  illustration 400 

high-speed  splash-oiled  engines, 

table 460 

methods  of  supplying  to  moving 

bearings 471 

mineral,  definition 451 

pubipxrb,  operation 474 

capacities 476 

selection,  requirements  to  be  met  455 

specific  gravity,  how  found 453 

•team-engine  lubrication,  selec- 
tion, tables 456 

awing  joints  for  supplying  crank 
and  crosshead  pins,  illustra- 
tion   473 

system,  filtering  and  circulation 

type,  illustration 468 

testa  for  properties 452 

viscosity,  measurement 453 

Oil  Well  Supply  Company,  Pitts- 
burgh, Meyeringn  propor- 
tional lubricator,  illustra- 
tion    486 

Otlkb,  bottle  type. .   463 

crank-pin,  illustration 463 

crosahead-pin  telescopic,  illus- 
tration   472 

drop-feed 461 

Oiling,  hand 461 

Operating-condition  test,  purpose 342 

Ordinate*,    method    of,    for    finding 

mean  effective  pressure,  graph ...     71 
Oecillating-cylinder  engine,  definition     35 
Output,  electrical,  direct-current  gen- 
erator,     354 

Outside-admission  slide  valve 87 

Over-all   efficiency   based   on   brake 

horse  power,  formula 310 


Packing,  metallic,  used  with  high- 
pressure  superheated  steam .   422 

rings 392 

sheet,  for  valve-chest  covers  and 

flanged  joints 404 

soft,  replacement 405 

steam  engine 403 

stuffing  box,  correct  and  incor- 
rect arrangement,  illustra- 
tion      405 

Pantograph  as  an  indicator  reducing 

mechanism 46 

engine  fitted  with,  illustration.  .  .     47 
Paper,   indicator,   requirements    and 

placement  on  drum 57 

Parallel-link  pencil  mechanism 43 

Peening  in  main  bearing-box 39K 

snap  packing  ring 393 

Pencil,  indicator,  requirements 5K 

mechanism,  indicator,  advan- 
tages       42 

^  types  43 

Pendulum,  angular  speed  snd    ball 

height 205 

lever,    inverted,    with     Hrumhn 

pulley,  illustration  45 

reducing  mechanism.  roust  ruc- 
tion 44  40 

■:,  ball  h-  206 

-tt's  *- 

193 

I    442 
476 


Page 
Pickering    and     Gardner    governor 
catalogues,      selection      of 

throttling  governor 224 

Pickering    governor,    methods    of 

adjustment,  illustration. ...   216 
safety   idler  feature,  illustra- 
tion     198 

Pipe,  velocity  of  fluid  in 449 

Piping,  engine,  inspection 376 

indicator,  see  Indicator  9tping ...      51 
steam,  simple  engine,  illustration  377 

Piston,  clearance,  definition 3 

leakage,  rejection  losses  caused 

by 296 

low-friction,  illustration 302 

ring,    cast-iron    snap,    replace- 
ment   389 

expanding  by  peening 393 

fitting 390 

repairing,  illustrations 391 

replacement 389 

solid,  cutting 392 

tested  for  fit 393 

worn,  expanded  by  peening. . .  393 
slide    valve,    advantages    and 

disadvantages 88 

definition 27 

desirable  in  vertical  engines.     27 

inside  admission  type 88 

repair 394 

setting    for    selected    lead. 

illustration 121 

-rod   nuts,   methods   of  locking, 

illustration 374 

Plant  meter.  Amaler  polar,  operation     73 

averaging,  definition 74 

Coffin,  operation 75 

mean  effective  pressure  found  by     73 

polar,  adjustable  tracer  arm 74 

Willis 76 

Polar    planimeter,    adjustable    arm, 

diagram 74 

POPPETVALVE 146-191 

advantages  and  disadvantages  159 
Ames   Lnaflow  engine,  direc- 
tions for  setting 182-186 

definition 31 

detaching  or  releasing,  defini- 
tion      31 

enoine  efficiency  increased  by   146 

method  of  governing 195 

starting 385 

location  in  engine  cylinder 160 

mechanism,  typical  designs 161 

operating      mechanism.      Vilter 

engine,  illustration 162 

positively-operated,  definition.        31 

reason  for  employing 146 

repair 395 

single-  and    double-beat,    defini- 
tion     160 

Portable  slide-valve  engine,  uses 323 

Porter  governor,  relation  between 
speed,  height  and  weights  of 
ball*       and       counterpoise, 

formula 208 

Porter-Allen  engine,  variable-rut-off 
valve-mechanism,  illustra- 
tion       36 

Posittvelt-operated    Corliss    and 

f>oppet  valves,  wetting l?* 
ve  mechanisms I 

Power,  definition 

horse    power,    see    also    Horn 

power. 
Increase      due      to     fjr' 
operation,   method 
culating. 
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br,  output,  generator,  formula..  354 

plant,  daily  load  curve 437 

drawing  from  "Power" iv 

efficiency    baaed    on    use    of 

rejected  heat 9 

inspection 373-377 

load  factor,  definition 438 

regular  inspection  trips  advis- 
able  387 

steam  engine,  formulas  for  com- 
puting       14 

stroke,  heat  engine,  definition. . .      11 
Powem."  energy  balance  in  electric- 
energy  distribution  circuits .  300 
hydrostatic   lubricator,  filled  by 

hand  oil  pump,  illustration . .  482 

oil  filter,  illustration 47."> 

power  plant  drawing  from 

navings  effected  by  superheating 

supply  steam,  table 

sight    feed    for    drop-feed    oiler, 

illustration 

valve  leakage  test,  single-valve 

engine* 

valve  setting  without  removing 

chest  cover 

W.     H.     Wakeman     on     engine 
safety  devices  .    . 
"Power  House,"  hydrostatic  lubrica- 
tor, illustration 
PKCssrHK  and  s uper heats,  maximum 
for  engine  valves,  table  . 
and    vacuum    gages    for    engine 

testing 
approximate      mean      effective, 
formula  for  computing. .  .    . 
average  or  mt-aii  effective 
nun,  de  ti  nit  ion 

purport*      i»i      reducing 
coiidcn»«T 
boiler,  x'r  /*.•!.''  *  p*v  **:.-c 
rffcctiw.  on  piston 
indicator  sprung,  tabic 
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Racing,  definition -     **• 

engine     with     shaft     governor*    0,« 

causes -      -M 

Rankine  cycle  Tatios,  different  typ  ■    '  ^^ 

engines,  Uble -    *£ 

ratio,  definition,  formula. . . —     *" 

standard    of    engine     perform*.  — "  „«, 
ance  in  steam-engine  testing****  **i 

Rankin*  ideal  cycle -  «J. 

water  rate,  formula ■  *" 

Reach-rod.   Corliss  engine,   illustra.        "  _c0 

tion ■  »» 

Re-babbitting,  necessary  where  bear  ^. 

ings  are  partially  melted  ou  l  3Vd 

Rbcbxtsb-compound    r koine,    bes -J 

receiver  pressure,  how  fount^ssss-d  27o 

definition ■  **' 

Recsivsr  puuuie.  best,  receivei  - 

er  compound  or  muhi-eipan.>sssBSB- 

sion  engine •  *•» 

compound  engine,  dependent  obbs-bclii 

cylinder  ratio ,-  278 

correct,  necessary  for  exonc^nLssassBB- 
cal  operation  of   compoun«aw*— d 

engines •  276 

regulation  device,  illustration.  .  277 

variation  during  stroke -  276 

Receiver  volume •  269 

Reciprocating   engine    managcment^=E. 

operation    and    repair..  37-— — 3-415 
Reducing  mechanism,  inclined-plan  e 

tvpe,   illustration .    49 

test  for  accuracy  of  reductioi=^^, 

illustration .  -So 

two   indicators    operated    fronz^^si. 

illustration 57 

Reducing  motion,  see  also  Induat^^    r 
reducing  motion. 

indicator. .    .  -    43 

pendulum-level,  illustration  ■    45 

Reducing  wheel,  construction  ....  45 

principle,  illustration   . .  *> 

Regulation  guarantee  tests  for  go^>~  - 

ernor  .  .  A»J 

Reheat er.  drtimtion  2*>9 

Rejected  heat  in  Meam  engine  6 

Rejection     looses.     r\bnder     eorr- 
den*dtiun  partlv  responsabV^f 

dcf:n::ion  2Si 
« xbau!>t     «teaRi    used    for  heat- 
in*  2*7 
method5  of  decreasing  3*4 
Release  I:ae.  purpose  *■" 
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Skinner   engine-governing   mechan- 
ism, illustration 228 

tandem-compound  engine,  gov- 
erning of  high-pressure 
cylinder,  illustration 259 

"  UNIVERSAL  UNATLOW  "  ENGINE, 

steam-consumption  curves  331 
valve-operating  mechanisms, 

illustration 161 

Slide  valve,  see  also  Valve,  slide.  84-144 

balanced,  illustration 80 

condensing  engine,  starting 380 

definition 26 

displacement,  definition 101 

engine,  direction  of  rotation 140 

function 84 

iNSXDB-admission,  illustration.  .  .     87 

clearance,  definition 95 

lap,  how  changed 96 

mechanism  adjustment Ill 

method    of    controlling     steam 

flow 84 

motion  received  from  eccentric . .     97 
multiported,     advantages     and 

disadvantages 90 

outside-admission,  illustration. .     87 
plain,  setting  for  selected  lead, 

illustration 123 

proper  lead 115 

riding-cut-off,    advantages    and 

disadvantages 91 

setting,  defects  determined  by 

indicator 143-144 

effect  of  governors  on 140 

first  step 113 

roR  equal  cut-offs 129 

leads 115 

without  removing  steam  chest 

cover,  explanation 132 

three  conditions  to  be  set  for .  .   113 

type  of  engine  used  in 84 

Snap  ring,  fitting,  illustration 390 

Sounding  rod,  knocks  located  by 412 

"Southern    Engineer    Kink    Book," 

engine  alignment 40S 

"Southern    Engineer,"    oil    filter, 

illustration 474 

riding-cut-off  valve  Betting . .   1 34- 140 
Speed,    governor    adjustments    for 

changing 212 

method     of    control    by    shaft 

governor 233 

regulation,  good  shaft  governor . .  233 
variation,  fly-ball  governor. ...   195 
governed      and      ungoverned 

engines,  graph 193 

Splash  oiling  systems,  advantages .  . .   470 
-oiled  engines,  table  of  oils  for . . .  460 
system,  external  bearing  lubrica- 
tion    465 

Spring    adjustment,    shaft-governor 

operation,  effects 24 1 

indicator,  see  Indicator  springs. 

adjustment 56 

classification 52 

rules  for  selection 55 

safe  pressures,  table 53 

testing  apparatus,  illustration.      54 
-loaded    governor,    advantages 
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ernor    207 

governor,      comparison      with 

weight-loaded 209 

Standard  crank-mechanism,  defini- 
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velocity  diagram 102 

.Starting     block,      Corliss     engine 

governor *&^ 
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Starting  block,  lever  and  wrist  plate, 

Corliss  engine 384 

Steam  and  feed-water  cycle  in  power 

plant,  illustration 306 

chest  diagram,  value 64 

consumption,     calculation 

from  indicator  diagram ...     80 

on  dry-steam  basis 304 

condensing  and  non-condens- 
ing engines,  table 

uniflow  engine,  variation  in. . . 

dry,  weight  of 
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graph 4 

condensing  and  non-condens- 
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condensing    operation,  defini- 
tion   2 
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depreciation  rates 43L 
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how  increased 291-317" 

mathematical    methods    of 

computing 302-31? 
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heat  converted  into  mechan- 
ical work 29 

horisontal,  definition 

inclined,  definition 2 

ideal,  illustration 

indicators 40-8^^ 

losses,  classification 299 

large  part  unavoidable 292 

lubrication 447-487" 

selection  of  oils  for,  tables . . . 

456-460 

systems,  classification 460 

mechanisms    and    nomencla- 
ture      19-38 

modern,    classification   as   to 

type,  table 336-339 

types 319-340 

packings  for 403 

performance  guarantees 440 

plant,  heat-flow,  explanation . .       1 
power,  formulas  for  computing     14 

purposes  of  testing 342 

rejection    losses,    methods    of 

decreasing 294 

rotary,  construction  and  dis- 
advantages    319 

specifications  for  quotations . .   444 
suitable  applications  for  drop- 
feed  lubrication 462 

testing,  see  also  Engine  test- 
ing    342-372 

data  and  results 369-371 
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ard of  engine  performance  304 
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Thomsen,   T.   C,  lubrication  chart 
for    steam    cylinders    and 

valves 457 

"Practice  of  Lubrication,"  selec- 
tion of  oils  for  engine  lubri- 
cation, tables 456-460 

Throttling  governor,  selection 224 

Thurston,  T.  G..  Gravity-circulation 

system,  illustration 469 

Tolls  governor,  general  arrangement, 

illustration 209 

Tools,  engine,  inspection 377 

Tobqub,  definition  of  term 260 

regularity  increased  in  compound 

engines  explanation 265 

variation  graphs,  tandem-com- 
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Tram,  illustration 104 

Trammel,  application  in  finding  dead 
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gage,  valve  setting  with 125 
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dead  center 104 
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Governing         of         Prime 

Movers"  on  racing 222 
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operation 152 
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illustration 152 
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expansion  enoine,  definition. .  .      25 
seldom     used     in     stationary 

power  plants 280 

use  of  superheated  steam 424 

pumping,    receiver   and  drain 
arrangement,  illustration. .  .   270 
Trot  automatic  engine  directions 
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method   of    balancing   governor 

flywheel,  illustration 236 

Troy  Engine  Company  method   for 
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operation 
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illustration 
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dead  centers 102 
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burg  four-valve  engine,  table 

showing  advance 178 

automatic  by-pass,  Ames  una- 
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